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Sioux County, bound to the east by the Missouri River, is 
located entirely within the Standing Rock Indian Reservation 
in south-central North Dakota. Perennial drainages, which 
may follow fracture zones, bound the county to the north.
The area is underlain by Upper Cretaceous- and Tertiary-aged 
bedrock aquifers. The bedrock in the northeastern part of 
the county was eroded by Pleistocene glacial front drainages 
and the resulting valleys are currently filled with 
transmissive glacial sediments.
The ground-water flow system was simulated using a quasi- 
three-dimensional, finite-difference computer model. 
Horizontal flow was expressed as two transmissive layers, 
and vertical flow was simulated in a leakance layer. In 
general, ground water flows from the southwest toward the 
northeast, where it discharges into the Missouri River. 
Simulations indicated that recharge from infiltration of 
precipitation is between 1.4% and 2.8% of total 
precipitation (16 in./yr). Transmissivity for the lowermost 
aquifer ranged from 800 ft2/day in the bedrock to 8,000 
ft2/day along the north boundary fracture zone and buried 
glacial sediments. Hydraulic conductivity for the upper
iii
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aquifer ranged from 1 to 10 ft2/day. The vertical leakance 
was estimated at 10'4 to 10'6 ft/day, except along the 
drainage fracture zone where vertical leakance was estimated 
at 10'° to ÎO 2 ft/day. The model was calibrated to a 
maximum percent error (residual ? saturated thickness) of 
33% for the top layer and 26% for the lower layer. 
Sensitivity analysis results indicate that the model is 
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The Standing Rock Indian Reservation (SRIR) is located 
west of the Missouri River in south-central North Dakota and 
north-central South Dakota. The study area consists of 
Sioux County, which is located entirely within the 
Reservation in North Dakota (Fig. 1). The South Dakota part 
of the Reservation was not included in the study due to a 
lack of well information.
Shallow aquifers, comprised of Late Cretaceous 
sedimentary deposits, provide a limited quantity of ground 
water for stock, domestic, and municipal uses. Thick 
sequences of glaciofluvial sediments are found in filled 
valleys located in the northeastern section of the 
Reservation. These aquifers may be capable of supporting 
large capacity wells. In order to effectively manage the 
ground-water resources, the occurrence and nature of ground­
water flow needs to be understood.
1.1 Purpose
The Standing Rock Sioux Tribal Council authorized the 
implementation of a water code to develop, manage, protect, 
and preserve the ground-water resources on the Reservation
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Figure 1. Location of Study Area in the Williston Basin
(after Howells, 1982; Maughan and Perry, 1986).
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(SRST, 1983). The Tribe claims supreme rights in 
jurisdiction and rights to use the waters on their land. 
Hydrogeo1ogic information is needed to successfully 
implement the Standing Rock Sioux Tribe's Water Code. The 
Tribe is interested in economic development, management of 
the ground-water resources, and in adjudicating water right 
claims.
The purpose of this research is to evaluate the available 
water resources for the Standing Rock Sioux Tribe by 
analyzing the available hydrologie and geologic data, and 
numerically simulating the ground-water flow system. The 
interpretation of the hydrologie system will help determine 
the effects of conflicting aquifer usage on the Reservation.
A quasi-three-dimensional ground-water flow model will be 
used to assess the ground-water resources of the area, 
specifically:
1) The Fox Hills-basal Hell Creek Aquifer;
2) The upper Hell Creek-lower Ludlow Aquifer; and
3) the Buried Glacial Sediments Aquifers.
Specific objectives of this study are:
1) To interpret geologic and hydrologie data gathered
for these specific aquifers that were collected 
and integrated;
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2) to estimate, by a digital computer model
simulation, magnitude and direction of ground­
water movement; and
3) to evaluate aquifer parameters used in the digital
computer model simulation.
Data compiled in this report may be used as a basis for 
future studies involving ground-water resources development 
in the SRIR. Large withdrawals of ground water from the 
buried glacial sediments aquifers for industrial or 
municipal uses may adversely effect the potential agrarian 
water use of the bedrock aquifers.
1.2 Location and Physiography
Sioux County, North Dakota consists of 1,099 mi2 and lies 
entirely within the Standing Rock Indian Reservation of 
North and South Dakota (Fig. 2). The study area (Sioux 
County) is bounded by Cedar Creek and the Cannonball River 
to the north, the Missouri River/Lake Oahe to the east, the 
South Dakota and North Dakota state boundary, and the 102nd 
meridian to the west.
The Reservation is located in the glaciated and 
unglaciated Missouri Plateau section of the northern Great 
Plains physiographic province (Fenneman, 1931). The eastern 














































Most of the glacial drift has been transported out of the 
study area; mostly thin, discontinuous scattered deposits 
remain in the study area. The thickest, continuous glacial 
drift deposits are found in buried valleys located in the 
northeast area of the county. These valleys contained 
glacial ice-front streams during Pleistocene time. The 
study area is characterized by gently rolling plains, 
"badlands" topography, and broad river valleys.
The vegetative cover consists of primarily native mixed 
prairie grasses. Phreatophytes, which include Cottonwood, 
Black Willow, and American Elm, are observed along 
drainages. The principal crops grown on cultivated areas 
are wheat, sunflower, barley, oats, corn, and hay (NDASS, 
1987).
Fort Yates, where the majority of.Indians live, is the 
Sioux County seat. The Indian population of the Reservation 
has remained relatively constant over the period from 1930 
to 1980; the total population of Sioux County was 3,620 in 
1980 (BIA, 1973; DOC, 1983). The dominant economic base of 
the Reservation is agriculture along with grazing.
1.3 Methodology
Pertinent literature (including unpublished documents) 
was reviewed in both public libraries and the Standing Rock
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Indian Reservation Water Resources Division's library. 
Aquifer and water well information from over 400 wells were 
gathered from published reports and driller's well logs from 
North Dakota, South Dakota, and the Indian Housing Service. 
Wells were selected based on completeness of driller's well 
logs and the degree of accuracy to which the location and 
surface elevation could be determined. The locations of 
selected wells used in this investigation are shown in Fig.
3.
High altitude aerial photographs (1:80,000) were examined 
for vegetative changes that are indicative of ground-water 
discharge areas. These probable discharge zones were drawn 
onto maps, and were related to other hydrogeologic data. 
Water well land elevations were acquired from previous 
surveys, or were plotted and read from United States 
Geological Survey seven and one half minute quadrangle maps. 
These data points were digitized into computer files using 
the Contour Plotting System (CPS) (Radian Corporation,
1987). The coordinate system used for this study is the 
North Dakota state coordinates (feet). Appendix A contains 
a listing of the wells and associated parameters that were 
used in this study.
Maps were produced using Autocad (Autodesk, 1989). In 



















































be activated at the user's discretion. Some examples of 
information available on different layers are soil type, 
areal geology, lineaments, vegetative cover, and 
precipitation contours. Specific data layers were overlain 





This chapter discusses the basic data collection that is 
needed for developing a hydrogeological conceptual model.
The topography and geomorphology, cover type, and geology of 
the study area will be discussed.
2.1 Topography and Geomoroholoov
The maximum topographic relief is approximately 1,625 ft. 
The land surface elevation ranges from 1,600 ft in the east 
along the shore of Lake Oahe to 2,625 ft in the southwest 
corner of the county (Fig. 4). A topographic high that is 
located along half of the North Dakota-South Dakota border 
is shown in Fig. 4.
2.1.1 Aquifer Continuity The Fox Hills-basal Hell Creek 
Aquifer System outcrops near the Missouri River but is 
buried deeper beneath the land surface as the rocks dip 
toward the northwest, the center of the Williston Basin.
The lithologie units (sand, silt, and clay) near the top of 
the aquifer sequence are lenticular and may result in 
perched water tables or discontinuous water-bearing layers. 













































































and alter the continuity of ground-water flow through the 
Fox Hills-basal Hell Creek Aguifer and the upper Hell Creek- 
lower Ludlow Aquifer. A generalized geohydrologic cross 
section across Sioux County, North Dakota in Fig. 5 depicts 
the relationships between the aquifers in the study area.
2.1.2 Drainages The northern boundary of the Reservation is 
delineated by two significant drainages—  Cedar Creek and 
the Cannonball River (Fig. 2). These two perennial 
drainages discharge into the Missouri River. The Missouri 
River is the eastern boundary of Sioux County and flowed 
from the north to the south before Lake Oahe Reservoir was 
created. To the east, the Cannonball River penetrates and 
is hydraulically connected with the Fox Hills-basal Hell 
Creek and Upper Hell Creek-lower Ludlow bedrock aquifers.
The topography is the result of Cannonball River processes, 
and a land surface altitude gradient of approximately 0.002 
ft/ft along the river has resulted (Fig. 4). The river 
penetrates both of the bedrock aquifers toward the north­
eastern part of the study area, where these aquifer outcrop. 
Other minor streams in the county have altered the 
topography, but these drainages do not significantly 
penetrate the specified bedrock aquifers.
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Cedar Creek is broad—  as great as one mile wide in places. 
The alluvium in the floodplains have been measured to be 
over 60 feet thick in some areas (Morrison-Maierle, 1977a).
2.1.3 Lineaments and Fracture Zones The hydrologie regime 
of aquifers in the study area may be affected by fracture 
zones. Fracture traces, or joints, in the sedimentary 
bedrock are represented by geologic folds and linear 
featur.es (Peter and others, 1988) . These lineaments may 
represent regional fracture systems originating within the 
Precambrian basement rocks (Maughan and Perry, 1986). The 
density and interconnectiveness of the fractures could 
affect the secondary porosity. These fracture zones may act 
as conduits for ground water.
The study area is dominated by two sets of lineaments- 
trending northwest and northeast (Fig. 6). Figure 6 depicts 
linear features longer than 30 miles; many shorter 
lineaments that aren't shown in the figure also trend in the 
same dominant directions (Cooley, 1983a; Cooley, 1983b). 
Another minor fracture trends north-south; only one such 
fracture trace is shown in Fig. 6, but Cooley (1983a, 1983b) 
shows many more traces that are less than 30 miles long. 




























































County area as only having a slight effect on fracture 
permeability. However, there may be localized areas of 
increased fracture permeability. There is a possibility of 
greater secondary porosity along the intersections of linear 
features (Cooley, 1986). Maughan (1987) identified two 
major lineaments, the Kaycee and the Pierre, as intersecting 
at the western edge of the study area (Fig. 6).
Some of the drainages on the Reservation appear to be 
controlled by lineaments (Fig. 7). The Cannonball River 
makes an abrupt 90 degree turn at its confluence with Cedar 
Creek. Porcupine Creek appears to follow the dominant 
fracture traces in the Sioux County area. This creek 
follows the northeast-southwest and northwest-southeast 
lineaments. At its headwaters. Porcupine Creek flows toward 
the northwest until it changes direction to flow in a 
northeasterly direction. The final segment of the stream 
flows southeasterly as do the other glacial drift streams 
(Beaver Creek, Battle Creek) in the northeast area of the 
county.
2.2 Cover Type
Different cover types affect the amount of precipitation 
that may recharge the aquifers, the erosion of the land 








































cultural cover types are discussed in this subsection.
2.2.1 Soils Omodt and others (1968) described six soil 
associations that are located in or near Sioux County. The 
soil thickness ranges from 0 inches (in.) to 60 in. (Omodt 
and others, 1968). Generally, unweathered bedrock is 12 in. 
to 36 in. below the surface. The soil associations were 
grouped together on the basis of the soil permeability.
This grouping resulted into four main soil divisions: A 
(most permeable) through D (least permeable) (Fig. 8). The 
degree of permeability affects the amount of precipitation 
that infiltrates the soil and recharges the aquifer. If the 
soil has a low permeability, the precipitation will not 
infiltrate but may contribute to surface runoff and erosion.
The predominant soil type in Soil Group A is 
characterized by rapid permeability (>5.0 inches per hour 
(in./hr)) (Omodt and others, 1968). Unweathered bedrock is 
located approximately 30 in. below the ground surface. The 
two other soil types in this group are moderately permeable 
(0.80 in./hr to 2.50 in./hr) and very slowly permeable 
(<0.05 in./hr) (Omodt and others, 1968). The surface of 
the very slowly permeable soil, characterized as claypan, 
may be pitted with circular depressions a few inches deep; 
"gumbo" or "slick" spots are localized terms for this soil
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Soil Group B is moderately permeable (0.8 in./hr to 2.5 
in./hr) (Omodt and others, 1968). Generally, the bedrock is 
within 60 in. of the land surface. There are localized 
soils in this soil group that are less permeable.
The soil permeabilities in Soil Group 0 range from 
moderate to low permeability (0.8 in./hr to >0.05 in./hr) 
(Omodt and others, 1968). This soil is predominately used 
as rangeland. Some of the soils in this group are 
excessively drained.
The last soil group, D, contains a large percentage of 
soil that has a low permeability (>0.05 in./hr) (Omodt and 
others, 1968). However, the other dominant soil type in 
this group is well drained with a moderate permeability. In 
some localities within Soil Group D, the moderately 
permeable soil may exceed the area of the very slowly 
permeable soil type.
2.2.2 Vegetation The primary vegetative type that covers 
the Reservation consists of plants associated with either 
agricultural land or rangeland. The type of vegetation that 
covers the land surface is often a direct consequence of the 
soil type. Areas that are dominated by a low permeability 
soil type, Soil Group D, are generally used as rangeland or
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pasture. The areal distribution of vegetative and land use 
of Sioux County is shown in Fig. 9.
Agricultural land consisting of crops and pastures is 
prevalent on well drained soils. The few irrigated crops 
found on the Reservation are located along major drainages.
A comparison of the soils map (Fig. 8) and the cultural 
features map (Fig. 9) reveals agricultural land on the least 
permeable soil group (D). This is a result of Soil Group D 
consisting of both slowly permeable and moderately permeable 
soil types. The soil underlying the agricultural areas is 
most likely to be the more permeable soil.
The rangeland vegetation consists of herbaceous grasses, 
shrubs, and brush (USGS, 1984a? USGS, 1984b). The areal 
distribution of rangeland is shown in Fig. 9.
Phreatophytes such as elm, cottonwood, oak, willow, and 
various cherries are principley found along the floodplains 
of Cedar Creek, Cannonball River, and other significant 
drainages (Morrison-Maierle, 1977b). The vegetative 
floodplain of the Missouri River have been inundated with 
water by the damming of Lake Oahe in 1958 (USGS, 1964).
2.2.3 Cultural There is only a small percentage of the 
Reservation that is classified as urban or developed land. 



























































be depicted on the map is the Fort Yates locality (Fig. 9). 
The remainder of the cultural land consists of roads, 
houses, and small towns that are less than 1 mile long 
(USGS, 1984a).
2.3 Geology
Sioux County, North Dakota is located on the southeastern 
flank of the Williston Basin (Fig. 1.). The outcropping 
sedimentary bedrock ranges in age from Late Cretaceous to 
Early Tertiary, and has a regional dip toward the center of 
the Williston Basin at approximately 4 degrees 
north-northwest (Foster, 1980). The areal distribution of 
the bedrock shows this regional trend (Fig. 10). These 
formations were deposited in marine and deltaic 
environments. Holocene-aged alluvium and Pleistocene-aged 
glaciofluvial deposits overlay sections of the bedrock 
formations (Morrison-Maierle, 1977a). A stratigraphie chart 
is shown in Table 1.
The oldest exposed bedrock on the Reservation is the 
Upper Cretaceous Pierre Shale, a deep water deposit, which 
outcrops in the southeastern part of the Reservation (Fig. 
10) (Frye, 1969). This marine shale underlies the entire 
Reservation and is approximately 1,400 feet thick, but only 
the upper 300 feet is exposed (Rice and Bretz, 1978).
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Table 1. Stratigraphy of Geologic Formations that Out-crop 
in the Standing Rock Indian Reservation (after 
Carlson, 1982 ; Moore, 1986; Morrison-Maierle, 
1977a; and Randich, 1979).
System Series General Description ThicknessUnit <ft>
g Alluvium Stratified gravel, sand, silt, and clay. 0 - 60y Occurs in flood plains of Cedar Creek,1 Cannonball River, and their tributaries.ac Present channels contain mostly sand, silt.
>. and clay.
! Coleharbor Covers parts of the surface in the 0 - 290s g Formation northeast and eastern areas. Consists8 y mainly of till, clay, silt, sand, gravel.
a cobbles, and boulders. In many places, the
*s (glacial drift) fines have eroded away leaving only aboulder pavement. The thickestaccumulations of drift is in the buriedvalleys.
>» $ Fort Union Group Laterally persistent, interbedded very fine 0 - 350| 1 to medium sandstone, siItstone, claystone.§ Cannonball and and shale. Large sandstone concretions
Ï V Ludlow with a matrix of calcium carbonate cement.h- 3 Formations, Sandstones are generally friable.undifferentiated glauconitic, and noncalcareous.
Hell Creek Very fine to medium quartzose sandstone. 0 - 430Formation siItstone, shale, thin beds of lignite andcoal, local scoria, and bentonitic clay.Lenticular bedding.
Fox Hills Very fine to medium sandstone, siItstone, 0 - 300
SQ Sandstone and shale. A persistent sandstone bedH occurs near the top of the formation; it is% « occasionally interbedded with thin lenses$ 3 of shale and siItstone.o Pierre Dark-grayish-black bentonitic shale. The <1400Shale contact between the Pierre and theoverlying Fox Hills is gradational forabout 80 feet and consists of a bentoniticshale. Only about 300 feet is exposed inthe reservation.
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Overlying the Pierre Shale is the Upper Cretaceous Fox 
Hills Sandstone which has an average thickness of 300 feet 
(Cvancara, 1976). Structural contours of the base of the 
Fox Hills Sandstone show the regional dip toward the center 
of the Williston Basin (Fig. 11). This unit is comprised of 
alternating beds of clay, siltstone, and sandstones. The 
marine Fox Hills Sandstone is comprised of four members 
named, in ascending order: the Trail City Member, the Timber 
Lake Member, the Bullhead Member, and the Colgate Sandstone 
(Carlson, 1982). The Fox Hills Sandstone and the lower part 
of the overlying Hell Creek Formation form a major aquifer 
system.
A gradational contact (both vertical and horizontal) is 
observed between the Fox Hills Sandstone and the overlying 
Upper Cretaceous Hell Creek Formation; the Hell Creek 
Formation is approximately 400 feet thick (Frye, 1969; 
Morrison-Maierle, 1977a). Structural contours of the base 
of the Hell Creek Formation show the regional dip toward the 
center of the Williston Basin (Fig. 12). The Hell Creek 
Formation represents a lagoonal, brackish water, fresh 
water, and flood plain depositional environment (Frye,
1969). Thick sequences of clays, silty-clay, silty-sand, 
sandstone, and some lignite and coal characterize this 

























































Formation and the Fox Hills Sandstone form a major aquifer 
system.
The youngest bedrock on the Reservation is the Paleocene 
Fort Union Group that consists of the Ludlow and Cannonball 
Formations (Table 1). Structural contours of the base of 
the Cannonball Formation are depicted in Fig. 13. These 
formations were deposited in a shore and lagoonal 
environment, which are representative of the last 
transgression of the sea to this area (Frye, 1969). The 
Ludlow Formation may be as much as 200 feet thick which 
includes fine grained sands. The Ludlow Formation 
intertongues with the underlying Hell Creek Formation and 
the overlying Cannonball Formation. The Hell Creek 
Formation and the Ludlow Formation are lithologically very 
similar and are difficult to distinguish. The sandy 
Cannonball Formation outcrops in the northwestern region of 
the Standing Rock Indian Reservation and mainly consists of 
sandstones that total approximately 100 feet in thickness 
(Fig. 10) (Morrison-Maierle, 1977a).
A thick sedimentary sequence of rock underlies the 
outcropping strata on the Reservation. These buried 
sequences are Mesozoic and Paleozoic in age and are 
overlying the crystalline basement rocks. The depth below 
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feet in the southeast to approximately 9,000 feet in the 
northwestern region of the study area (Maughan, 1987).
Unconsolidated sediments found in the study region 
include Pleistocene glacial till and outwash, as well as 
Pleistocene and Holocene alluvial deposits (Carlson, 1982). 
The glacial deposits are basically restricted to the eastern 
section of the Reservation (Fig. 10). The till consists of 
locally scattered, discontinuous boulders and cobbles 
deposited on the ground surface as well as thin patches of 
till residuum. The glacial outwash in the northwest part of 
the study area was deposited in narrow valleys cut into the 
bedrock formations formed from glacial drainages along the 
toe of the ice sheet (Flint, 1947) . These buried-valley 
glacial deposits can be 300 feet thick (Carlson, 1982). The 
glacial outwash consists of sands, gravels, and cobbles. 
Alluvial deposits may be found along the floodplains and 





This chapter describes the hydrogeological conceptual 
model derived from data gathering and analysis. Sedimentary 
bedrock and unconsolidated geologic formations consisting of 
sand, silt, clay, and gravel make up the hydrologie units 
that are found throughout Sioux County.
3.1 Basic Hydrogeological Units
Confining silty or clayey layers and more permeable 
sandy layers combine to form a multi-layer bedrock aquifer 
system in the study area (Table 2). For the purpose' of this 
study, the Pierre Shale is considered to be relatively 
impermeable and will represent the lower boundary of the 
hydrogeologic system. Only the aquifers situated above the 
Pierre Shale will be studied.
The Fox Hills Sandstone and the lower part of the Hell 
Creek Formation form a major aquifer system which lies 
directly above the Pierre Shale. This is the largest and 
most extensive aquifer in the Reservation. The less 
permeable middle section of the Hell Creek Formation 
separates the Fox Hills-basal Hell Creek Aquifer System from 
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The low permeability siltstone and claystone of the middle 
Ludlow-lower Cannonball Confining Unit confines the lower 
aquifer system and is the base an aquifer system that 
consists of the middle part of the Ludlow Formation and the 
middle section of the Cannonball Formation. The middle 
Ludlow-middle Cannonball Aquifer System is not reviewed in 
detail in this study due to its limited extent within Sioux 
County, North Dakota.
Unconsolidated buried glacial sediments (till and drift) 
and alluvium also form aquifers in the study area (Table 2). 
The glacial drift aquifers are located in the northeast 
section of Sioux County, North Dakota (Fig. 14); these 
aquifers fill in paleo, pre-glacial stream valleys. The 
alluvial aquifers are limited to the floodplains of the 
Cannonball River and Cedar Creek. The more extensive 
alluvium of the Missouri River has been flooded with the 
creation of Lake Oahe Reservoir. The alluvial aquifers are 
not modeled because of their limited extent.
3.2 Configuration of Hvdrogeoloaic Units
The bedrock aquifers are unconfined to the east where 
exposed and are confined to the northwest and west as the 
strata dips deeper below the surface. The bedrock aquifers 






























































3.2.1 Stratiaraphv The Fox Hills Sandstone and the basal 
Hell Creek Formation combine to constitute the principal 
bedrock aquifer in the Standing Rock Indian Reservation 
(Table 2). An interbedded sequence of sand, silt, and clay 
strata form a multiple aquifer system (Fig. 15). Some 
lignite is present in the upper part of the aquifer (Hell 
Creek Formation). Permeable sand strata are confined 
between less permeable siltstone, clay, and cemented 
sandstone layers.
The upper Hell Creek-lower Ludlow Aquifer System consists 
of interbedded, lenticular sandstones, silts, lignitic 
shales, and clays? lateral continuity is poor in the upper 
section of the Hell Creek Formation, but is fairly 
persistent in the overlying, lithologically similar Ludlow 
Formation (Moore, 1976).
The middle Ludlow-middle Cannonball Aquifer System 
contains ground water, but the areal coverage within the 
Reservation boundaries is too limited to be discussed fully 
(Fig. 14). This aquifer may be a source of recharge to 
underlying aquifer systems. It is also possible that the 
confining layer between the upper Hell Creek-lower Ludlow 
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Figure 15. Generalized Stratigraphie Section, Sioux County 
North Dakota.
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impede recharge to underlying aquifers.
Alluvial aquifers are limited to areas surrounding the 
rivers. The aquifers are observed beneath the present-day 
floodplains. These aquifers consist of approximately 0 to 
40 feet of sand, silt, clay, and some gravel lenses 
(Morrison-Maierle, 1977a). Generally, the thickness of the 
alluvial aquifers range from 5 to 40 feet but are usually 
less than 20 feet (Randich, 1979). Recharge is mainly from 
infiltration of stream flow and by leakage from surrounding 
aquifers.
The buried glaciofluvial sediments composed of sand, 
gravel, and clay the glacial melt-water channels in the 
northeastern corner of the Reservation (Fig. 2) (Morrison- 
Maierle, 1977a). The glaciofluvial aquifers have the 
greatest well capacities among the other aquifers on the 
Reservation, and some wells may produce up to 1500 gpm. 
Recharge is from the bedrock aquifers, alluvial aquifers, 
stream flow, and infiltration of precipitation. The ground­
water discharges along the Missouri River (Morrison-Maierle, 
1977a).
3.2.2 Structure The geologic strata that form the multiple 
aquifer system on the Reservation dip an average of 4 
degrees north-northwest (Foster, 1980). Fracture zones
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which trend northeast and northwest are readily discernable 
on the Reservation as depicted in Figure 6. The fracture 
zones are classified by Cooley (1986) as having only a 
slight effect on fracture permeability. A high 
transmissivity zone (or open fracture) may be present along 
the Cannonball River as based on Peter and others, 1988.
The Cannonball River follows a northwest lineament until 
Cedar Creek, and makes an abrupt turn to follow a northeast- 
trending lineament (Fig. 7).
The Pierre Shale is generally not considered to be water 
yielding since the rate of ground-water flow may be less 
than a few feet per million years (Groenewold and others, 
1979). However, water may be available from underlying 
aquifers along major fracture zones (Peter and others,
1988). Bredehoeft and others (1977) estimated hydraulic 
conductivity of the Pierre Shale using a regional flow 
simulation. The regional flow hydraulic conductivity values 
were estimated to be on the order of 3 x 10*7 ft/day as 
opposed to small scale lab tests (9 x 10*10 ft/day) 
(Bredehoeft and others, 1977? and Groenewold and others, 
1979). The discrepancy between the large and small scale 
tests suggest that the confining layer may be fractured.
The lower hydraulic conductivity values for the large-scale 
analysis probably represents leakage through fractures.
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whereas the higher hydraulic conductivity of the small scale 
tests reflect the intact rock between fractures.
3.3 Continuity of Hydrological Units
The hydrological units that are to be modeled in this 
study are divided into two main classes: (1) Bedrock 
sedimentary aquifers and (2) buried glacial sediments 
aquifers. The areal extent of these aquifers are depicted 
in Fig. 14. The stratigraphie relationship of the bedrock 
sedimentary aquifers with respect to each other and with the 
buried glacial sediment aquifers is shown in Fig. 5. The 
aquifers appear to be hydraulically connected. The 
sedimentary bedrock aquifers discharge to the buried glacial 
sediments aquifers, alluvial aquifers, and to each other.
The bedrock sedimentary aquifers include the aquifers 
above the basal confining unit (Pierre Shale) through the 
upper Hell Creek-lower Ludlow Aquifer System (Table 2). The 
aquifer system that is above the upper Hell Creek-lower 
Ludlow Aquifer System was not modeled because of its limited 
extent in the study area. The alluvial aquifers are also 
ignored due to scale and the hypothesized minimal impact on 
the regional ground-water flow system.
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3.3.1 Bedrock Sedimentary Aquifers The Fox Hills-basal 
Hell Creek Aquifer System underlies all of the study area in 
Sioux County, North Dakota (Fig. 14). Ground-water movement 
is generally toward the east and northeast (Morrison- 
Maierle f 1977a). Recharge to the aquifer is from 
infiltration of precipitation, stream flow, and leakage from 
the overlying upper Hell Creek-lower Ludlow Aquifer System; 
the aquifer discharges along the Cannonball and Missouri 
River valleys, and also into the filled valleys in the 
northeastern part of the study area (Morrison-Maierle,
1977a). This aquifer system is continuous except for a 
significant disruption at the hypothesized northeast 
fracture zone along the Cannonball River (Fig. 7). The 
river itself is either not penetrating (if the aquifer 
system is too deep) or is partially penetrating (northeast 
part of Reservation). The buried glacial sediments 
aquifers, located in the old stream valleys, are either 
partially or fully penetrating and disrupt the flow of the 
Fox Hills-basal Hell Creek Aquifer. The ground water flows 
into the higher transmissivity zone of the glacial drift 
aquifer and then changes its course to follow the more 
permeable unit in a southeasterly direction toward Lake 
Oahe.
The upper Hell Creek-lower Ludlow Aquifer System is a
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significant aquifer in areas where the Fox Hills-basal Hell 
Creek Aquifer System is located too far below the surface 
for economical drilling. Ground water is found in the more 
permeable materials and flows in a general east and 
northeast direction (Morrison-Maierle, 1977a). The ground­
water flow direction is disrupted along the higher 
transmissivity areas, specifically the fracture zone of the 
Cannonball River/Cedar Creek, and the buried glacial 
sediments aquifers. Recharge of the upper Hell Creek-lower 
Ludlow Aquifer System is from infiltration of precipitation, 
stream flow seepage, and leakage from overlying units 
(Morrison-Maierle, 1977a). The aquifer discharges to the 
river valleys (Missouri River, Cannonball River, and Cedar 
Creek), Fox Hills-basal Hell Creek Aquifer System, and the 
glacial sediment filled valleys.
3.3.2 Buried Glacial Sediments Aquifers The buried glacial 
sediments aquifers (St. James, Beaver Creek, Battle Creek, 
and Shields) are restricted to their respective valleys 
(Fig. 14). These aquifers are continuous in their 
restricted areas. Since these aquifers tend to follow the 
northwest lineament trend, some or all may be located on an 
open fracture zone. These aquifers receive ground-water 
recharge from adjacent bedrock aquifers, and infiltration of
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precipitation and surface waters. The ground water flows 




HYDROLOGIC SYSTEM CONCEPTUAL MODEL
The hydrologie system conceptual model of the multiple 
aquifer system located in the Standing Rock Indian 
Reservation was developed using the hydrologie and 
hydrogeologic characteristics of the aquifer systems (Fig. 
16). Data from this model will be used in the computer 
simulation to produce the mathematical model.
4.1 Basic Hydrologie Data Gathering
Various resources were utilized to assemble the 
hydrologie data used for model development. The data 
gathered includes climatic, aquifer parameters, 
potentiometric surfaces, and surface water flow data.
4.1.1 Climate The climate of the Reservation is typical of 
a semi-arid, continental area. The 30 year temperature 
summary average for Bismarck, North Dakota indicates that, 
generally, the winters are cold (below 0°F) and the summers 
are hot (above 100°F) (Ruffner, 1985). The average annual 
precipitation is approximately 16 inches per year over Sioux 
County, North Dakota (Fig. 17). Most of the precipitation 
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August) (Fig. 18). The free water surface evaporation rate 
is approximately 41 inches per year (NOAA, 1982).
4.1.2 Aquifer Parameters The Indian Housing Service (IHS) 
performed aquifer tests (pumping and recovery) on domestic 
and stock wells that were installed on the Reservation.
These aquifer tests were completed for wells screened in the 
Fox Hills-basal Hell Creek, alluvial, and glacial drift 
aquifers. The aquifer tests were analyzed using Jacob 's 
approximation solution of the Theis equation and recovery 
methods. Some of the calculations were performed by hand to 
check the results that were obtained from the computer 
program Pumptest (Beljin, 1986). The graphical plots of the 
analyses are in Appendix B. If both a pump test and a 
recovery test were performed, the results from the recovery 
analysis were used; the recovery results were deemed more 
reliable since the variability of an unstable pumping rate 
were eliminated. The values for transmissivity from the 
aquifer tests ranged from 10 to 300 ft2/day for the Fox 
Hills-basal Hell Creek Aquifer, and from 250 to 2,500 
ft2/day for the glacial sediments. Aquifer tests conducted 
in alluvial materials reflect transmissivities ranging from 
250 to 1,500 ft2/day.





















JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
TIME (m o s )
Figure 18. Average Monthly Precipitation 1951 - 1980,
Bismarck, North Dakota (after Ruffner, 1985).
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to verify the transmissivity values calculated from the IHS 
aquifer tests, and to provide additional parameter data for 
the aquifers in the study area. The aquifer parameters that 
were evaluated from literature sources includes porosity, 
storage coefficient, transmissivity, and horizontal and 
vertical hydraulic conductivity (Table 3).
4.1.3 Potentiometric Surfaces Potentiometric surfaces of 
the Fox Hills-basal Hell Creek Aquifer and the upper Hell 
Creek-lower Ludlow Aquifer were hand contoured on the basis 
of well measurements, boundary conditions, and effects of 
lineaments/fracture zones (Fig. 19, Fig. 20). These maps 
were also generated by a computer contouring program as a 
check to the hand contouring, and were found to be in 
agreement. Regionally, the ground-water flows toward the 
northeast where it discharges into the Missouri River. 
However, there are some local deviations to the dominant 
northeast flow direction. The most notable exception is the 
Cedar Creek/Cannonball River discharge area for the upper 
Hell Creek-lower Ludlow Aquifer (Fig. 20). The Fox Hills- 
basal Hell Creek Aquifer also discharges into the Cannonball 
River, but the influence diminishes toward the west (Fig.
19). Flowing wells of the lower aquifer have been 
documented along the Cedar Creek/Cannonball River (NDSWC;
ER-4172
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Ackerman, 1977; and Randich, 1975).
The glacial sediments aquifers cut into the bedrock 
aquifers and intercept some of the northeasterly flow (Fig. 
16). Some of the ground water is diverted to the southeast, 
following the trend of these buried bedrock valleys. Due to 
the limited potentiometric surface data across Sioux County, 
North Dakota and the scale of the maps, the ground-water 
flow into the narrow buried bedrock valleys is not depicted 
in Figures 19 or 20.
The aquifers along the eastern edge of the Reservation 
are hydraulically connected to Lake Oahe Reservoir. The 
hydrographs of these wells generally relate to the stage of 
Lake Oahe (Appendix C). The locations of all wells that 
have hydrographs are shown in Fig. 21. The U.S. Army Corps 
of Engineers controls the water level of Lake Oahe which 
fluctuates throughout the year (USGS, 1969), (Appendix C). 
The mean water level of Lake Oahe is approximately 1607 feet 
above mean sea level. Other well hydrographs located in the 
county show that the potentiometric surface elevations vary 
by approximately 5 feet over a period of 10 years (Appendix 
C) .
4.1.4 Stream Flow Two U.S. Geological Survey stream gaging 
stations are located along the border of Sioux County, North
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Figure 21. Location of Stream Gaging Stations, Well
Hydrographs, and Water Withdrawals (USGS, 1969 ; 
Dorian, 1990).
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Dakota (Cannonball River at Breien and Cedar Creek near 
Raleigh) (Fig. 21). The discharge data records at these 
stations show that the streams are perennial, but may freeze 
during low flow in the winter months (USGS, 1973). The 
stream discharge, generally, increases greatly during snow 
melt in March (over 50,000 ac-ft), decreases in May 
(approximately 20,000 ac-ft) when most of the snow has 
melted, and increases during thunder-storm events in June 
(approximately 25,000 ac-ft) before the low fall flow of 
approximately 800 ac-ft (Fig. 22). Total yearly discharge 
graphs of the recording stations Cedar Creek near Raleigh, 
North Dakota and Cannonball River at Breien, North Dakota 
show the considerable flow fluctuations from year to year 
(Appendix C). Discharge records for stations located at 
least 30 miles from the Reservation's western boundary, 
along the Cannonball River and Cedar Creek, show that both 
of these drainages are gaining water as they flow toward the 
east (USGS, 1973). The increase in flow may be due to a 
combination of surface water runoff and recharge from ground 
water. The shape of the contours on the potentiometric 
surface maps indicate that the ground water is discharging 
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4.2 Hydrologie Boundaries
Three physical boundaries exist for the natural flow 
system within the study area. Along the eastern edge of the 
Reservation, Lake Oahe is represented as a constant head 
boundary for the Fox Hills-basal Hell Creek Aquifer. The 
Pierre Shale (basal confining unit) is considered to be 
impermeable because of the large contrast in hydraulic 
conductivity relative to the overlying Fox Hills-basal Hell 
Creek Aquifer. The Pierre Shale acts as a no flow boundary 
for the vertical component of ground-water flow in the study 
area. Cedar Creek and the Cannonball River are considered 
to be a horizontal no-flow boundary since the drainage 
valley is an area of vertical ground-water discharge. This 
phenomenon is due to the hypothesized fracture zones that 
are associated with the river valley; the fracture zone acts 
as both a horizontal and a vertical conduit for ground 
water. The other natural boundaries to the flow system are 
located far away from the study area, therefore, model 
boundaries will be used along the appropriate edges of the 
study area.
An arbitrary line to the south of the North Dakota-South 
Dakota state border represents a constant horizontal flux of 
ground water from the south. The western border of the 
study area also is a ground-water horizontal flux boundary.
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4.3 Recharge
The annual free water surface evaporation rate of 41 
inches per year for Sioux County, North Dakota, limits the 
amount of precipitation that recharges a ground water 
ground-water system (NOAA, 1982). Langbein (1949) estimates 
that approximately 15% of precipitation recharges the 
ground-water aquifers; since the average precipitation in 
the study area is 16 inches per year, the estimated amount 
of ground-water recharge is approximately 2.4 inches per 
year. The actual amount of recharge will vary, depending on 
the soil type, vegetation, geology, and other associated 
features. The soils map depicts areas characterized by soil 
permeabilities and the cultural features map shows areas of 
recharge as determined by vegetation (Fig. 8? Fig. 9). The 
soils that contain higher amounts of clay form the 
relatively low permeability soils that are locally known as 
'clay-pan' and 'badlands' (Fig. 8).
Upper aquifers may provide a source of ground-water 
recharge to underlying aquifers where the upper aquifer 
thins and eventually disappears. Some of the identified 
recharge areas are presented in Fig. 9? these recharge areas 
roughly coincide with the areal boundary of upper aquifers 
(Fig. 14).
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Surface-water bodies are limited in Sioux County, North 
Dakota. Most of the surface-water impoundments are small 
stock ponds which do not provide a significant amount of 
recharge to the ground-water system. Irrigation of crop 
lands is limited to areas that are near surface-water 
drainages (Fig. 9). As of 1989, 2120.1 acre-feet (ac-ft) of 
surface water was permitted for irrigation purposes in Sioux 
County, North Dakota, but only 103.8 ac-ft of surface water 
was actually reported used (Dorian, 1990). The recharge to 
ground water from irrigation is considered to be 
insignificant and will not affect the ground-water flow 
system.
4.4 Flow System
The ground-water flow system is affected by several 
features including topography, potentiometric surfaces, 
drainages, fractures, and geologic conditions. A 
combination of influences from the topography and fracture 
zones may channelize the ground-water flow into the Cedar 
Creek and Cannonball River drainages. The ground water 
discharges vertically into these drainage systems and there 
is hypothesized to be insignificant amount of horizontal 
flow past this boundary. Even though the geologic strata 
dip toward the northwest, the ground water flows toward the
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northeast due to topography, drainages, lineaments, etc.
The lithology of the geologic units influences some of 
the characteristics of the flow system. The sandy-clayey 
confining layers are permeable and allow leakage from the 
overlying to the underlying aquifers. The permeable, sandy 
and gravelly buried glacial sediments aquifers are recharged 
from bedrock aquifers and surface-water drainages; the 
ground water, following the bedrock valley orientation, 
flows in a southeast direction toward Lake Oahe Reservoir.
4.5 Discharge
Areas of ground-water discharge were identified from the 
phreatophytic vegetation mapped on aerial photographs, 
springs, and flowing wells. These discharge locations 
include areas that generally coincide with the eastern areal 
boundary of the aquifers (Fig. 9? Fig.14). Ground-water 
discharge areas are associated with the major drainages of 
Cedar Creek and Cannonball River that are associated with 
lineaments (Fig. 6). Flowing wells and ground-water 
springs, which are representative of ground-water discharge, 
are identified in Figure 9. The potentiometric surface maps 
also reflect ground-water discharge into the Cannonball 
River/Cedar Creek (Fig. 19; Fig. 20).
Daily stream discharge and precipitation records at
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Breien, North Dakota were compared with each other in order 
to ascertain the amount of ground-water that is discharged 
into the stream. The month of October was chosen to study 
the precipitation-stream flow relationship because the 
precipitation events are minimal and the surface water has 
not yet frozen. The surface water flow usually increased 
following a precipitation event (Appendix D). The 
Cannonball River pre-precipitation discharge at Breien, 
North Dakota ranges between approximately 0.5 and 50 cubic 
feet per second (cfs) with a mode of roughly 10 cfs 
(Appendix D).
The more permeable buried glacial sediments aquifer 
intersects the less permeable bedrock aquifers resulting in 
ground water discharging from the bedrock aquifers into the 
sandy-gravelly glacial materials (Fig. 16). Ground water 
from an overlying aquifer is also discharged, through 
leakage, into lower aquifers. The head of the upper Hell 
Creek-lower Ludlow Aquifer (Fig. 20) is greater than the 
head of the underlying Fox Hills-basal Hell Creek Aquifer 
(Fig. 19). Interformational leakage may account for a 
limited amount of ground-water discharge.
Ground-water well withdrawals amount to less than 70 ac- 
ft per year from the bedrock aquifers, however, this will 
probably decrease to less than 30 ac-ft per year upon the
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completion of a surface-water pipeline from Lake Oahe 
(Dorian, 1990); the pipeline is expected to be fully 
functional by the fall of 1992 (Iron Eyes, E. J., 1992, 
Telephone conversation with author, 6 May). Stock and 
domestic wells also remove a limited amount of ground water 
from the flow system. The impact of ground-water 
withdrawals from wells is judged to be insignificant to the 
overall flow system. The ground water in Sioux County,
North Dakota has yet to be stressed by development.
The Missouri River is a regional ground-water discharge 
zone for the aquifers included in this study (Downey, 1986) . 
The potentiometric surface maps and the ground-water 
conceptual flow schematic all show that the ground water 





A modular, finite-difference computer model for 
simulating two- or three-dimensional ground-water flow in 
unconfined, confined, or combination aquifers was developed 
by McDonald and Harbaugh (1988). This computer code is well 
documented, verified, and widely accepted for simulating 
two- or three-dimensional ground-water flow. The model can 
be used to simulate various natural and artificial recharge 
and discharge situations. Some of the natural functions 
include boundary inflow, infiltration, leakage from 
different aquifers or surface water sources, and boundary 
outflow. An example of an artificial condition is transient 
stresses such as injection or extraction wells. An 
advantage to using this code is that the aquifer(s) being 
modeled may be heterogeneous, anisotropic, and have 
irregular boundaries. Model simulation results in output 
that includes hydraulic heads.
5.1 Model Application
A conceptual model of the multiple aquifer system in 
Sioux County, North Dakota was developed? Figure 16 shows a 
general conceptual flow model. Data from this hydrologie
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system conceptual model were used in the computer simulation 
of the mathematical model.
5.1.1 Introduction The conceptual model of the multiple 
aquifer system model is based on the discussions in chapters 
2, 3, and 4. The base of the aquifer system in the study 
area is defined by the relatively impermeable Pierre Shale. 
Three bedrock units of Late Cretaceous and Early Tertiary 
age define the two main transmissive layers found in Sioux 
County, North Dakota. These two aquifers are separated by 
less permeable units that allow vertical leakage from the 
upper aquifer to the lower aquifer. Both aquifers receive 
recharge by infiltration from precipitation and other 
aquifers. Discharge from the aquifers occurs by leakage to 
the buried glacial sediments aquifers, the Cannonball 
River/Cedar Creek, and Lake Oahe. Evapotranspiration from 
the aquifer is assumed to be negligible because of the depth 
from the land surface to the saturated zone. The effects of 
withdrawal from stock, domestic, and municipal wells are 
considered to be minimal, and the aquifer is assumed to be 
in a steady-state condition.
A quasi-three-dimensional model was chosen to represent 
the study area. This model incorporates two transmissive 
layers which are used to simulate the hydrogeologic flow
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system. Vertical movement of ground-water is controlled by 
a vertical leakance layer which separates the two 
transmissive zones. The leakance layer represents a low 
permeability unit with a thickness, and vertical hydraulic 
conductivity. A true three-dimensional simulation would 
require considerably more reliable data per aquifer than is 
currently available.
Data map preparation for the model included the 
following: potentiometric surface maps of the major aquifer 
systems (Fig. 19, Fig. 20)? maps of bedrock surfaces and 
structural features (Fig. 6, Fig. 11, Fig. 12, Fig. 13); 
precipitation map (Fig. 17); vegetation and 
recharge/discharge areas (Fig. 9); soil distribution map 
(Fig. 8); and a map depicting the areal distribution of the 
hydrogeologic units (Fig. 14). Other data preparation 
included: well information (Appendix A);parameter values for 
transmissivities and hydraulic conductivities estimated from 
aquifer tests (Appendix B); hydrograph plots of ground water 
in wells and Lake Oahe (Appendix C); relation of stream 
hydrographs to precipitation events (Appendix D); and lab 
tests, lithologie logs, and literature results. The maps 
that contain contours were gridded and an average value for 
each parameter was estimated for every block of the computer 
model grid. The initial input to the computer model
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consisted of these average parameter values.
5.1.2 Grid Orientation and Geometry À block-centered, 
finite-difference computer model grid was oriented to 
correspond to the primary direction of ground-water flow.
The model grid was angled at 45e toward the northeast; this 
corresponds to the general direction of matrix ground-water 
flow (Fig. 19, Fig. 20) and one of the lineament trends that 
may control ground-water flow (Fig. 6). A grid size of 3 X 
3 miles was used for the entire study area. This grid size 
was determined to be the optimal dimension to adequately 
represent the available data. The upper Hell Creek-lower 
Ludlow is represented by Layer 1 (top transmissive layer) 
and the Fox Hills-basal Hell Creek Aquifer is denoted by 
Layer 2 (bottom transmissive layer). The orientation and 
geometry of the model grid for Layer 1 and 2 are shown in 
Fig. 23 and Fig. 24, respectively.
5.1.3 Boundaries. Recharge, and Discharge Constant-head 
nodes were located both along the western boundary and six 
miles to the south of the southern boundaries of Sioux 
County, North Dakota in order to simulate the northeasterly 
ground-water flow direction. Additional constant head 
boundaries for Layer 2 were located along the eastern
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Figure 23. Model Grid and Orientation Boundaries for Layer
1.
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Figure 24. Model Grid and Orientation Boundaries for Layer
2.
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boundary of the study area to simulate the average water 
level of Lake Oahe Reservoir (Fig. 24). The constant head 
nodes were placed six miles to the south of the state line 
to avoid boundary condition errors due to the proximity of 
the Cedar Creek/Cannonball River. The western and southern 
boundaries for both layers represent recharge to these 
ground-water aquifers in Sioux County. The eastern boundary 
in Layer 2 is an area of ground-water discharge for Sioux 
County. The southern boundary of constant heads for Layer 1 
curves toward the north because of the limited areal extent 
of the aquifer (Fig. 23). A total of 20 constant head nodes 
were used to simulate ground-water flow for Layer 1 and 39 
constant head nodes were used for the same purpose in Layer 
2.
The block-centered grids which coincide with Cedar Creek 
and the Cannonball River were assigned average nodal stages 
that were determined from U. S. Geological Survey 7.5 minute 
topographic maps. Alluvial thicknesses for the river nodes 
ranged from 15 feet for Cedar Creek to 25 feet for the 
Cannonball River. The bed material consists of variable 
amounts of silt, sand, clay, and gravel. The bed material 
was assigned a hydraulic conductivity value, as determined 
by aquifer test analyses, of 50 ft/day. Bed material 
thickness for Cedar Creek and the Cannonball River was
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assigned to be 10 feet. The 27 model nodes used to simulate 
leakage between the rivers and the aquifers are shown in 
Fig. 23 and Fig. 24.
Ground-water recharge from infiltration of precipitation 
was initially estimated to be 15 percent of precipitation, 
but were eventually revised to be 2.8 percent and 1.4 
percent of precipitation. Recharge values of 0.44 inches 
per year were estimated for areas where Layer 1 and Layer 2 
are exposed to the atmosphere, but were decreased to 0.22 
inches per year in areas that are overlain by the Cannonball 
Formation. Evapotranspiration was hypothesized to be an 
insignificant source of ground-water discharge because of 
the depth of ground water below the land surface.
The vertical leakance layer which separates the two 
transmissive layers varies from 55 feet thick in the eastern 
part of Sioux County to 200 feet thick in the western area 
of the county. Due to the heterogeneity of this less 
permeable unit, the vertical hydraulic conductivity was 
assumed to vary from approximately 10'4 ft/day to 10"6 
ft/day. Since the Cannonball River may follow a fracture 
zone, it was assumed that there would be increased leakage 
between the aquifers in this area; the vertical hydraulic 
conductivity for the clayey unit was estimated to range from 
approximately 10° ft/day to 10’2 ft/day.
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Layer 1 was assumed to be generally under unconfined 
conditions, but may be confined toward the western area of 
Sioux County, North Dakota. Hydraulic conductivity was 
initially estimated to be 1 ft/day, except in the river 
valleys/fracture zone where the value of 10 ft/day was 
assumed• The eastern section of the aquifer also was 
assigned a hydraulic conductivity of 10 ft/day due to the 
lack of overburden in this area. Layer 2 was assumed to be 
mostly under confined conditions, but may be confined in 
areas to the east where the hydrogeologic units outcrop.
The transmissivity for the bedrock in Layer 2 was estimated 
to be 800 ft2/day, except in the Cedar Creek and Cannonball 
River valleys (a fracture zone) where the transmissivity was 
believed to be 8,000 ft2/day. The buried glacial sediments 
aquifers cut into the Layer 2 bedrock aquifer? the nodes 
along the buried valleys were given an increased 
transmissivity of 8,000 ft2/day due to the transmissive 
glacial sediments.
5.2 Model Calibration
In order to calibrate the model, a trial and error method 
was used for adjusting model parameters. The model was 
considered calibrated when the computed heads matched the 
initial starting heads. The input and output for the
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calibrated model are presented in Appendix E.
The finite-difference flow equations were solved using 
the Strongly Implicit Procedure (SIP) with the iteration 
parameter set to 1.00. The calibrated model took 27 
iterations to obtain the final solution. The head change 
criteria for closure between successive iterations was set 
to 0.01 feet. The total number of active nodes (including 
constant head and river nodes) used in the calibration 
simulation is 334: Layer 1 has 124 and Layer 2 has 210 
active nodes.
5.2.1 Mass Balance The total annual recharge to the Fox 
Hills-basal Hell Creek Aquifer and the upper Hell Creek- 
lower Ludlow Aquifer in the study area computed by the model 
is 46 ft3 per day (cfs). This total annual recharge is the 
sum of inflow from constant head nodes (7 cfs), recharge 
from precipitation (39 cfs), and infiltration from the 
rivers (0.2 cfs).
Discharge of the constant head nodes from the aquifers 
was computed to be 22 cfs. Ground-water discharge from the 
aquifers to the rivers was calculated to be 25 cfs. The 
total discharge from both aquifers, as computed by the 
model, is approximately 46 cfs. The difference between 
computed recharge and discharge is 0.00 percent.
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5.2.2 Potentiometric Surface Computed heads from the 
calibrated model were hand contoured for Layers 1 (upper 
Hell Creek-lower Ludlow Aquifer) and 2 (Fox Hills-basal Hell 
Creek Aquifer) as illustrated on Fig. 25 and Fig. 26, 
respectively. These contours are in general agreement with 
the potentiometric surfaces contoured from the measured 
heads for Layer 1 and Layer 2 (Fig. 20; Fig. 19). A plot of 
heads computed from the calibrated model against starting 
heads (not including constant heads) are depicted in Fig. 27 
(Layer 1) and Fig. 28 (Layer 2).
Residual head is the difference between the initial 
starting head and the model computed head in a given 
location. A positive residual indicates that the computed 
head was less than the starting head and a negative residual 
indicates that the computed head was greater than the 
starting head. The distribution of residual heads are 
illustrated in Fig. 29 for Layer 1, and Fig. 30 for Layer 2. 
The maximum residual for Layer 1 (upper Hell Creek-lower 
Ludlow Aquifer) in the calibrated model is 38.6 feet and the 
minimum residual is -29.4 feet. Layer 1 has 104 active- 
nonconstant head nodes. The average Layer 1 residual is
12.2 feet with a population standard deviation of 13.9 feet; 
67% of computed heads are between -1.7 feet and 26.1 feet of 
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Figure 27. Comparison Between Computed Heads and Starting
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Figure 30. Areal Distribution of Residual Heads for Layer 2.
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Hills-basal Hell Creek Aquifer) in the calibrated model is 
76.6 feet and the minimum residual is -2.7 feet. Layer 2 
has 171 active-nonconstant head nodes. The average Layer 2 
residual is -2.7 feet with a population standard deviation 
of 23.4 feet; 67% of computed heads are between -26.1 feet 
and 20.7 feet of the starting heads. The minimum and 
maximum residuals for both layers are less than the contour 
interval used in the potentiometric surface maps (Fig. 19? 
Fig. 20; Fig. 25? Fig. 26).
The residual information alone is not always a reliable 
indicator of the success or failure of a model. The 
saturated thickness most also be taken into consideration, 
because a small residual of 5 feet may actually be a huge 
error if the saturated thickness is only 2 feet. A percent 
error was calculated for each active node:
E u . k  =  ( R i . i . k  /  s u , k >  *  100
where
i,j,k are indices of cell (i,j) in layer k;
E is the percent error in cell (i,j) in layer k?
R is the residual in cell (i,j) in layer k?
S is the saturated thickness in cell (i,j) in layer k.
The maximum error for Layer 1 in the calibrated model is
33.29% and the minimum error is 0.00%. The average Layer 1
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error is 12.24% with a population standard deviation of 
8.04%. The maximum error for Layer 2 in the calibrated 
model is 25.5% and the minimum error is 0.08%. The average 
Layer 2 error is 5.60% with a population standard deviation 
of 5.59%.
5.2.3 Boundary Conditions Cedar Creek and the Cannonball 
River, which bound Sioux County to the north, are perennial 
drainages. The potentiometric surfaces for Layers 1 and 2, 
and river stage data retrieved from U. S. Geological Survey 
topographic maps indicate that Cedar Creek is a losing 
(recharges the aquifers) stream upon entering the 
Reservation's western boundary. Cedar Creek starts gaining 
water from the ground-water aquifers within ten miles of 
entering SRIR. Both Cedar Creek and the Cannonball River 
are continue to receive discharge from the ground water 
until termination in Lake Oahe Reservoir. The calibrated 
model calculated a base flow for Cedar Creek/Cannonball 
River of 25 cfs, which is within the range of the estimated 
base flow (between .5 and 50 cfs) based on Chapter 4.5 of 
this report. The maximum leakage of ground water to the 
stream is 3.4 cfs for one node.
Inflow calculated by the model for Layer 1 at constant 
head nodes along the southern and western boundaries was
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less than or equal to 0.49 cfs per node; and totaled 3.66 
cfs for all Layer 1 constant head nodes. Discharge 
calculated by the model at constant head nodes which 
represent Lake Oahe is less than or equal to 2.48 cfs per 
node. The amount of ground-water discharge from Layer 2 
into Lake Oahe is approximately 18.17 cfs.
Simulated vertical ground-water leakance from the upper 
layer (1) to the lower layer (2) ranged from 0.03 to .77 
cfs. The only areas which experienced upward leakance (from 
Layer 2 to Layer 1) were along Cedar Creek and the 
Cannonball River. The rivers follow lineament trends and 
were simulated as open fractures which allow upward ground­
water leakance. The maximum upward flow along this fracture 
zone is 2.6 cfs per node. The total rate of upward ground­
water flow along the river fracture zones is 12.2 cfs.
5.3 Sensitivity Analysis
The calibrated model is a non-unique solution to the 
simulated ground-water flow system in Sioux County, North 
Dakota. The object of the sensitivity analysis is to 
evaluate the sensitivity of the model to changes in 
hydraulic conductivity/transmissivity, vertical leakance, 
river-bed material leakance, and recharge. After the model 
was calibrated, each of the parameters listed above was
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substantially changed while all the other parameters were 
held constant with values used in the calibrated model. The 
sensitivity of the model to these parameter modifications is 
evident by the magnitude of the differences between the 
starting heads and the model computed heads. Plots of the 
computed heads versus the starting heads are found in 
Appendix F; the computed heads versus starting heads for the 
calibrated model for Layers 1 and 2 are shown in Fig. 27 and 
Fig. 28, respectively. Constant head nodes are not included 
in the computed head versus starting head plots (Fig. 27; 
Fig. 28; Appendix F).
5.3.1 Hydraulic Conductivity and Transmissivity When 
hydraulic conductivity was uniformly increased by one order 
of magnitude for Layer 1 (upper Hell Creek-lower Ludlow 
Aquifer), the residual average was 84.2 feet with a 
population standard deviation of 188.8 feet. Fifteen nodes 
went dry in this simulation. Practically no changes 
occurred in Layer 2 (Fox Hills-basal Hell Creek); when 
hydraulic conductivity was uniformly increased by one order 
of magnitude in Layer 1, the residual average for Layer 2 
was -6.1 feet with a population standard deviation of 24.7 
feet. When hydraulic conductivity was uniformly decreased 
by one order of magnitude, the residual average for Layer 1
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was 24.7 feet with a population standard deviation of 107.1 
feet. Layer 2 was not effected as much as Layer 1 as seen 
by the mean residual of -5.3 feet with a population standard 
deviation of 25.0 feet. The large changes that occur in 
Layer 1 residual heads are localized in the northeast area 
and adjacent to river nodes indicating a problem with the 
boundary conditions. Other areas in Layer 1 are not as 
dramatically affected by the hydraulic conductivity 
variations, therefore, the estimates used in the simulation 
model may be reasonable. A graphical representation of the 
computed heads versus starting heads are presented in 
Appendix F.
When transmissivity for Layer 2 was uniformly increased 
by one, the average residual for Layer 1 was -43.9 feet with 
a population standard deviation of 86.1 feet. Three nodes 
in Layer 1 went dry in this simulation. The increase in 
transmissivity resulted in a Layer 2 residual average of 
35.9 feet with a population standard deviation of 36.4 feet. 
When transmissivity for Layer 2 was uniformly decreased by 
one, the average residual for Layer 1 was -57.1 feet with a 
population standard deviation of 60.1 feet. The decrease in 
transmissivity resulted in a Layer 2 residual average of -
196.7 feet with a population standard deviation of 170.2 
feet. The computed head versus starting head plots in
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Appendix F show that the model is sensitive in Layer 2 to a 
decrease in transmissivity for the same layer. The largest 
residuals occur in the eastern part of Sioux County; the 
large residuals may be due to the boundary conditions and 
not necessarily to the changes in transmissivity values.
The transmissivity values which were used in the calibrated 
model appear to be an appropriate representation for the 
ground-water flow simulation. The transmissivity values 
obtained from the aquifer tests are lower than the values 
used in the simulation. This may be due to the local nature 
of an aquifer test? the aquifer test is representative of 
the aquifer in the area immediately surrounding (small 
scale) the well. The transmissivities used in the computer 
simulation may represent the regional (large scale) nature 
of the aquifer.
5.3.2 Vertical Leakance When vertical leakance between 
Layers 1 and 2 was uniformly increased by one, the average 
residual for Layer 1 was 95.2 feet with a population 
standard deviation of 144.1 feet. Eight nodes in Layer 1 
went dry in this simulation. The increase in vertical 
leakance resulted in a Layer 2 residual average of -17.2 
feet with a population standard deviation of 34.2 feet.
When vertical leakance was uniformly decreased by one, the
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average residual for Layer 1 was -68.3 feet with a 
population standard deviation of 69.7 feet. The decrease in 
vertical leakance resulted in a Layer 2 residual average of 
15.1 feet with a population standard deviation of 22.2 feet. 
The computed head versus starting head plots in Appendix F 
show that Layer 1 is most sensitive to an increase in the 
vertical leakance. When the vertical leakance is large, too 
much ground water leaks out of Layer 1 into Layer 2, hence, 
the dry nodes and large positive residuals.
5.3.3 River-Bed Conductance When the river-bed conductance 
was uniformly increased by one, the average residual for 
Layer 1 was 13.7 feet with a population standard deviation 
of 13.7 feet. The increase in river-bed conductance 
resulted in a Layer 2 residual average of -1.3 feet with a 
population standard deviation of 23.4 feet. When river-bed 
conductance was uniformly decreased by one, the average 
residual for Layer 1 was -1.5 feet with a population 
standard deviation of 18.1 feet. The decrease in river-bed 
conductance resulted in a Layer 2 residual average of -14.6 
feet with a population standard deviation of 25.8 feet. The 
model does not appear to be sensitive to this parameter.
Both layers show negligible changes in head residuals. The 
computed head versus starting head plots in Appendix F also
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illustrate the lack of sensitivity.
5.3.4 Recharge The calibrated model has two distinct areas 
for values of recharge; the areas are distinguished by the 
surficial appearance of the Cannonball Formation. The 
recharge was uniformly increased from 2.8% of precipitation 
to 15%, and from 1.4% to 7.5% of precipitation. When the 
recharge was increased, the average residual for Layer 1 was 
-212.6 feet with a population standard deviation of 187.8 
feet. The increase in recharge resulted in a Layer 2 
residual average of -80.9 feet with a population standard 
deviation of 79.8 feet. Recharge was also uniformly 
decreased from 2.8% of precipitation to 0.28%, and from 1.4% 
to 0.14% of precipitation. When the recharge was decreased, 
the average residual for Layer 1 was 284.7 feet with a 
population standard deviation of 273.8 feet. Layer 1 had 50 
dry nodes due to this decrease in recharge. The decrease in 
recharge resulted in a Layer 2 residual average of 32.5 feet 
with a population standard deviation of 33.1 feet. The 
model appears to be very sensitive to this parameter, 
especially Layer 1. Both layers show significant negative 
head residuals when the recharge was increased; the computed 
head were much greater than the starting heads. Higher 
residuals occurred in the eastern part of Layer 1; this may
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be due to a boundary condition problem. As shown in 
Appendix F plots. Layer 1 is sensitive to both increases and 
decreases in recharge. Layer 2 has large negative residuals 




Sioux County is located entirely within the Standing Rock 
Indian Reservation in south-central North Dakota. The area 
is underlain by a multiple aquifer system consisting of 
Upper Cretaceous and Tertiary aged bedrock comprised of 
alternating beds of clay, siltstone, and sandstone. The 
bedrock was eroded by Pleistocene glacial front drainages 
which are presently filled with glacial sediments. Alluvial 
aquifers immediately adjacent to the major drainages, Cedar 
Creek and the Cannonball River, are a relatively small part 
of the ground-water flow system. The location of the major 
drainages appear to be influenced by lineaments or fracture 
zones which are pervasive in the study area.
The Pierre Shale, for the purpose of this study, is 
considered to be relatively impermeable and represents the 
base of this aquifer system. Located above the Pierre Shale 
is the extensive Fox Hills-basal Hell Creek Aquifer. The 
middle Hell Creek confining unit (clayey layer) separates 
the Fox Hills-basal Hell Creek Aquifer from the upper Hell 
Creek-lower Ludlow Aquifer. Generally, the ground-water in 
both of these aquifers flows toward the northeast, and 
discharges into Lake Oahe (an impoundment of the Missouri
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River) and Cedar Creek/Cannonball River which borders Sioux 
County, North Dakota to the north. The aquifers receive 
recharge from infiltration of precipitation, leakage from 
overlying aquifers, and inflow of ground water from the 
south and southwest. The aquifers discharge ground water to 
underlying aquifers, buried glacial sediments aquifers,
Cedar Creek, Cannonball River, and Missouri River. The 
buried valleys that are filled with the glacial sediments 
trend northwest-southeast. The direction of ground-water 
flow in these aquifers is anomalous when compared to the 
bedrock ground-water flow direction; ground water in the 
buried glacial sediments aquifers flows from the northwest 
to the southeast, and eventually discharges into the 
Missouri River.
Based on the results from the hydrogeologic and 
hydrologie conceptual model, the ground-water flow system 
underlying Sioux County was simulated using the U. S. 
Geological Survey's finite-difference, modular numerical 
model. A quasi-three-dimensional approach was used by 
simulating the middle Hell Creek confining unit as a 
leakance layer. The top layer of the model was assigned to 
the upper Hell Creek-lower Ludlow Aquifer (Layer 1), and the 
bottom layer was allocated to the Fox Hills-basal Hell Creek 
Aquifer (Layer 2). Since the ground-water system has yet to
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be significantly stressed and the water levels have remained 
relatively stable over time, water level measurements over a 
large time period were used to develop the potentiometric 
surfaces.
Hydrologie parameters were adjusted using a trial and 
error process until a satisfactory calibration of the model 
was achieved. The difference between the starting heads and 
the computed heads is called the head residual. This 
residual is helpful in determining the success of the model 
calibration. The residuals for both layers in the calibrated 
model were less than the contour interval (100 feet) used in 
the potentiometric surface maps. The average head residual 
for Layer 1 is 12.2 feet with a population standard 
deviation of 13.9 feet. Layer 1 is calibrated with nearly 
70% of computed heads between -1.7 feet and 26.1 feet of the 
starting heads. The average head residual for Layer 2 is -
2.7 feet with a population standard deviation of 23.4 feet. 
Layer 2 is calibrated with nearly 70% of the computed heads 
between -26.1 feet and 20.7 feet of starting heads.
Another methodology used to check the calibration is the 
percent error (100 times the residual divided by the 
saturated thickness). The percent error examines the 
residual with respect to the saturated thickness. The 
average percent error for Layer 1 is 12.24% with a
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population standard deviation of 8.04%. The average percent 
error for Layer 2 is 5.6% with a population standard 
deviation of 5.59%. The low percent error for both layers 
indicates that the model is calibrated.
A sensitivity analysis was performed to examine the non­
uniqueness of the computer ground-water flow solution. The 
sensitivity analysis involved changing one parameter while 
keeping all others the same. The parameters which were 
varied were hydraulic conductivity, transmissivity, vertical 
leakance, river-bed conductance, and recharge. The only 
parameter which did not significantly affect the calibrated 
model was river-bed conductance. This value was estimated 
and generalized, therefore, an erroneous river-bed 
conductance value would not significantly affect the 
calibrated model. Hydraulic conductivity and transmissivity 
were both measured in the field and in the lab; some trust 
may be placed in these values despite the sensitivity of the 
model to changes in these parameters. The vertical 
conductance was measured in the lab, so some reliability can 
be place with this parameter ? Layer 1 was very sensitive to 
an increase in this value and Layer 2 did not show much 
effect in varying vertical conductance. Recharge rate was 
estimated as a percentage of the precipitation? the 
calibrated model is sensitive to changes in this parameter.
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Well information for 230 ground-water wells in the Sioux 
County, North Dakota area are listed below. All elevations 
are in feet above mean sea level (National Geodetic Vertical 
Datum of 1929).
EXPLANATION OF WELL DATABASE 
General code for all fields:
'999' = Flowing artesian well 
blank space or 'O' = No data
Id Unique well identification name.
Owner Name of well owner at time well was registered
with the state (either North or South Dakota).
Trs Township, range, and section location (to be
further explained later in this appendix).
X State of North Dakota coordinate system, east-
west location (in feet). Wells locations in 
South Dakota are extrapolated into the North 
Dakota state coordinate system.
Y State of North Dakota coordinate system, north-
south location (in feet). Wells locations in 
South Dakota are extrapolated into the North 
Dakota state coordinate system.









Depth below the land surface elevation of ground 
water (in feet).
Potentiometric surface elevation of the ground 
water.
Elevation of the top of open interval (either top 
of screen or bottom of casing if no screen and 
left open).
Date of water level measurement, or date of well 
construction. Format is either 'year' or 
'month/year'. Months are given in numeric form 
and only the last two digits of the year are 
given.
Aquifer in which the well is screened.
H = upper Hell Creek-lower Ludlow (Layer 1)
F = Fox Hills-basal Hell Creek (Layer 2)
A = Alluvial
G = Glacial drift sediments
Flag field indicating that additional well
information is available.
A = Aquifer test 
G = Hydrograph
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EXPLANATION OF TOWNSHIP-RANGE-SECTION LOCATION SYSTEM 
The township-range-section locations which are used in 
this study are numbered according to the land survey system 
used by the U.S. Bureau of Land Management (Fig. Al). The 
first number represents the township; the second number 
denotes the range west of the fifth principal meridian; and 
the third number represents the section where the well is 
located. A township is usually comprised of 36 sections, 
where each section is 1 square mile. The first letter is 
used to indicate the quarter section (160 acres), the second 
letter is used to indicate the quarter-quarter section (40 
acres), and the third letter indicates the quarter-quarter- 
quarter section (10 acres). The letters A, B, C, and D 
represent, respectively, the northeast, northwest, 
southwest, and southeast quarter section, quarter-quarter 
section, and quarter-quarter-quarter section. Consecutive 
numbers are added to the end of the location if another well 
is located within a 10 acre tract.
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I29-090-I5ADC
Figure Al. System of Numbering Well Locations (source 
Randich, 1979).
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Id Owner Trs X Y Elev D_wl Pots T o p o Date Aq AP
A001 SCHREINER M. 130-092-07CCD 1550055.0 158886.0 2445 100 2345 2225 60 H
A002 BARNES G. 130-092-17CBC 1554119.0 155064.0 2463 120 2343 2283 48 H
A004 NDSWC 4311 130-092-22CCC 1564224.0 147892.0 2385 178 2207 1467 7/71 F
A007 NDSWC 4383 129-091-07AAA1 1584210.0 131603.0 2422 147 2275 2086 11/71 F
A008 NDSWC 4383A 129-091-07AAA2 1584167.0 131579.0 2422 94 2328 2242 11/71 H
A 009 HINTZ D. 130-091-09BAB 1591383.0 162816.0 2405 150 2255 2105 70 H
A010 GIBBONS C. 129-091-23BBD2 1601046.0 120722.0 2500 140 2360 2279 72 H
A011 NDSWC 8344 130-092-27BBA3 1565201.0 147142.0 2383 50 2333 2015 7/72 H
G001 WERNER D. 130-086-060001 1751777.0 160372.0 2185 90 2095 1966 69 H
G 002 WELLS D. 131-085-01BAC2 1807309.0 193690.0 2040 120 1920 1890 61 H
G003 WELLS 0. 130-087-22DAA 1735779.0 145748.0 2280 90 2190 2085 62 H
H100 ALKIRE K. 129-079-21CCA 1979761.0 115873.0 1680 19 1661 1653 7/87 F
M101 VERMILLION E. 129-079-30CBCC 1966351.0 109253.0 1880 85 1795 1743 6/87 F
H102 ELKIRE L. 129-079-16AD 1980109.0 121249.0 1720 68 1652 1598 10/75 F
H103 ANTELOPE A. 021-025-01CCD 1878211.0 49217.2 2120 51 2069 1994 5/76 F
H104 DEFENDER D. 022-029-140CCC 1995194.0 68380.8 1700 16 1684 1681 12/88 F
H105 131-080-30DDAA 1938935.0 172412.0 1750 54 1696 1662 7/87 F
H106 131-080-32A8AB 1940465.0 168220.0 1780 65 1715 1685 1/88 F
H107 133-079-08ADAC 1960328.0 243690.0 1810 159 1651 1629 7/87 F
H113 133-079-32ACDA 1963095.0 225401.0 1840 175 1665 1638 7/87 F
HI 27 THUNDER SHEILD E. 019-026-29BB 0.0 0.0 1850 11 1839 1820 11/79 A A
H128 RED DOG T. 132-082-160ABC 1883272.0 213261.0 1825 100 1725 1611 10/88 F A
H129 VALANDER R. 130-080-26BBBB 1955501.0 143467.0 1630 24 1606 1478 8/27 G A
H131 WALKER L. 132-079-19ADAA 1969482.0 208294.0 1740 85 1655 1572 11/87 F A
H132 131-080-22ACBD 1951082.0 175949.0 1700 41 1659 1628 5/88 F
H133 131-080-29CDCC 1940110.0 169532.0 1765 51 1714 1677 7/87 F
H136 PORCUPINE COMM. 134-079-35CC 1847046.0 199758.0 1800 43 1757 1560 12/8 G A
H137 CANNONBALL COM*. 134-079-26CC 1975078.0 258293.0 1730 112 1618 1610 ? F A
H138 CHEAME L. 130-80-27DD 1954714.0 139692.0 1660 35 1625 1607 9/88 G A
H139 ESSERT S. 130-080-26CAA 1956601.0 140747.0 1640 12 1628 1599 9/88 G A
H140 BONNER P. 019-025-150A 0.0 0.0 2070 52 2018 1987 11/88 F A
H141 BULLHEAD T. 131-080-19-DA 1938897.0 176820.0 1760 54 1706 1684 9/88 F A
H142 132-080-14BC 1955835.0 212931.0 1930 256 1674 1624 12/88 F A
H143 130-080-27DD 1955064.0 141088.0 1660 35 1625 1601 9/88 G A
H144 132-080-140A 1959036.0 211621.0 1900 223 1677 1594 12/88 F A
H145 0.0 0.0 1642 46 1596 1560 10/8 A A
Ml 03 SCHMIDT N. 133-082-05ABC 1868560.0 249941.0 1740 999 999 1540 71 F
*104 NDSWC 4569 133-082-05DBA 1870259.0 248578.0 1742 1 1741 1574 12/73 F
*105 SCHMIDT N. 133-082-088AA1 1867567.0 245933.0 1800 18 1782 1740 66 H
*108 WEINBERGER G. 133-082-15ACD1 1878635.0 239150.0 1710 1 1709 1582 71 F
*109 WEINBERGER G. 133-082-15ACD2 1878635.0 239150.0 1710 999 999 1450 71 F
*110 MEYER J. 133-082-29CD01 1867143.0 226849.0 1760 999 999 1480 71 F
Mill MEYER J. 133-082-31DDA 1864675.0 222367.0 1750 999 999 1470 71 F
*112 MEYER J. 133-082-32BAD 1868205.0 225104.0 1740 999 999 1540 ? F
*131 FLECK C. 134-082-01AAC 1889800.0 280227.0 1980 40 1940 1711 69 H
*132 FLECK C. 134-082-01ACA 1889800.0 280227.0 1980 40 1940 1711 69 H
113000 ANDERSON 0. 129-089-08 1658573.0 125611.0 2320 50 2270 2205 10/79 H
N3011 W1NGERTER K. 129-083-30AAA 1844952.0 112523.0 2230 60 2170 2115 12/81 H
N3022 LEINGANG D. 129-081-35BDB 1925649.0 106162.0 2170 42 2128 2130 9/79 H
N3033 SRST 129-081-12C 1930116.0 124818.0 1960 115 1845 1735 9/81 F
H3077 WEEKER J. 129-084-30AC 1812587.0 112395.0 2300 97 2203 2199 6/81 H
N3088 CLINES E. 129-084-19AC 1812759.0 117256.0 2300 105 2195 2165 6/81 H
N313 OSWALD L. 129-086-17CC 1752045.0 120246.0 2220 110 2110 2020 7/80 H
M315 MCGREGOR J. 129-087-33AAC 1728940.0 108203.0 2330 245 2085 2055 7/79 F
N316 TOMAC R. 129-087-28BA 1727288.0 113021.0 2310 190 2120 2048 6/81 H
H319 PITMAN D. 129-090-080 1630568.0 126121.0 2420 140 2280 2195 8/79 H
H320 HARSCHE E. 130-084-03BAC 1827101.0 163444.0 2010 120 1890 1840 7/77 F
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N323 MCGREGOR J. 129-087-33A 1729495.0 107557.0 2330 180 2150 2055 11/82 H
N324 BENSON BROTHERS 129-089-17D 1660562.0 121142.0 2350 80 2270 2157 ? H
N325 WINDING WATER RANCH 129 O86-O3ABD 1766722.0 133585.0 2090 36 2054 2071 7/83 H
N326 BRENNER S. 129-086*04CBC 1758122.0 131900.0 2100 36 2064 2013 7/83 H
N327 RIVER SIDE RANCH 129-087-020» 1737543.0 130989.0 2030 18 2012 1992 11/83 H
N328 KNISPEL J. 130-085-290CC 1787241.0 140470.0 2040 36 2004 1965 9/83 H
N329 FRIED M. 130-085-35DDD 1804173.0 134151.0 2160 40 2120 2095 10/83 H
N331 DOBITZ C. 129-089-02BB 1673998.0 133754.0 2200 72 2128 2103 8/84 H
N336 BROSSEAU T. 130-084-34AAD 1828212.0 137516.0 2140. 20 2120 2053 8/85 H
N337 MCGREGOR J. 129-087-34AC 1733883.0 107166.0 2280 170 2110 2000 2/87 H
N340 BROCK D. 130-084-32BD 1816931.0 136683.0 2220 84 2136 2078 10/75 H
N343 BENSON D. 129-089-17C 1657063.0 121049.0 2480 200 2280 2260 7 H
N344 DOBITZ C. 129-089-02AB 1677393.0 133621.0 2175 76 2099 2089 1/75 H
N348 BUEL C. 129-086-33AC 1761267.0 106538.0 2300 100 2200 2120 5/74 H
N349 BRAUN B. 129-082-2608 1896340.0 110133.0 2150 180 1970 1910 8/75 F
N350 D ILIMAN J. 129-082-22880 1889338.0 116907.0 2170 40 2130 2102 7/75 H
« 5 1 HEPPER H. 129-081-20A 1911898.0 117212.0 2160 60 2100 2080 8/74 H
« 5 2 BLUBAUTH A. 129-080-21DBB 1948210.0 114928.0 2020 20 2000 1990 8/76 H
« 5 3 LAGIE1Z H. 129-079-29BB 1971480.0 112512.0 1920 182 1738 1745 8/74 F
« 5 4 GOOOHOMRON BROTHERS 130-089-21CC 1663583.0 145426.0 2280 60 2220 2185 6/77 H
« 5 5 DOBY R. 130-90-290 1630472.0 142831.0 2250 20 2230 2280 7/82 H
« 5 7 NAGEL E. 131-085-20BD 1788063.0 177273.0 2140 120 2020 2040 11/84 H
« 6 1 LEINTZ A. 131-085-32AA 1787873.0 169718.0 1900 3 1897 1805 12/74 F
« 6 3 ELLISON M. 130-90-128 1648517.0 158815.0 2360 70 2290 2260 10/76 H
« 6 7 OLSON I. 130-088-22DC 1701619.0 145273.0 2260 30 2230 2141 7/74 H
« 6 8 NIEDERMAN W. 130-089-13A 1682880.0 153657.0 2390 30 2360 2341 9/74 H
« 7 0 ROLS 1. 130-088-19AC 1687039.0 147992.0 2360 30 2330 2305 8/74 H
« 7 6 DUNN D. 131-080-31AD 1938402.0 167567.0 1800 50 1750 1716 12/82 F
« 7 7 MORGEN L. 130-082-32A 1880195.0 137590.0 2203 160 2043 1993 12/79 H
« 7 9 KRAFT P. 130-082-12DDC 1902671.0 153834.0 2300 235 2065 1985 10/81 H
« 8 4 BLAS B. 132-081-06DD 1907390.0 219108.0 1870 82 1788 1745 8/80 F
N385A LE1NGANG R. 131-080-35AAC 1958640.0 168085.0 1635 12 1623 0 75 F
« 8 6 LUGER R. 130-080-21CB0 1946381.0 145430.0 1800 28 1772 1764 1/79 F
« 9 0 WALKER L. 131-080-23AC 1958740.0 176148.0 1760 140 1620 1605 4/81 F
« 9 3 SRST 133-079-29AC 1961448.0 229609.0 1720 80 1640 1575 10/81 F
« 9 4 HENDERSON A. 133-081-068 1892710.0 250849.0 1780 51 1729 1635 7/80 F
« 9 5 HENDERSON A. 124-081-30ADB 1894635.0 259774.0 1700 40 1660 1554 6/80 F
« 9 7 HENDERSON A. 134-081-31DDC 1894787.0 252034.0 1800 80 1720 1640 8/81 H
« 9 8 LEHRST R. 130-081-22000 1923389.0 143608.0 1990 210 1780 1740 10/83 F
« 9 9 KRAFT E. 132-082-300A 1876413.0 200301.0 1980 210 1770 1660 7/85 F
N400 FEST 0. 130-083-130D0 1871265.0 150239.0 2160 85 2075 2040 8/85 H
N405 GEARGE F. 134-081-34000 1911265.0 252307.0 1710 50 1660 1620 8/74 F
N406 HATZENBULER P. 134-081-24A 1921032.0 266165.0 1745 54 1691 1646 9/74 H
n 407 KARY J. 133-080-14BAA 1944980.0 241383.0 1790 130 1660 1610 3/76 F
N408 SCHMIT J. 133-080*03BB 1938762.0 250803.0 1740 80 1660 1585 10/74 F
N413 VOLK M. 132-083-120 1867844.0 217262.0 1903 160 1743 1723 11/76 F
N414 BECKER G. 131-081-3060 1905003.0 171362.0 1900 30 1870 1790 8/75 F
N418 BRAUN R. 131-084-20 1815593.0 179571.0 1900 60 1840 1758 10/77 F
N419 TISCHMAK F. 132-084-21CCC 1821103.0 205195.0 1960 15 1945 1900 8/82 H
N420 BRAUN P. 131-084-20 1815593.0 179571.0 1870 32 1838 1818 10/76 F
1422 VOGEL R. 134-081-11800 1913031.0 273620.0 1760 100 1660 1558 7/83 F
1424 GIPP F. 131-080-27C0C 1951361.0 169560.0 1710 22 1688 1648 73 F
1700 SRST 132-079-05CCAC 1970983.0 220822.0 1760 180 1580 1535 9/89 F
1701 SRST 131-083-1980 1843165.0 177471.0 1995 158 1837 1795 8/89 F
1703 WIND M. 129-090-038 1637239.0 133407.0 2380 30 2270 2245 6/89 H
1704 BENSON 0. 129-089-100 1672202.0 125501.0 2300 90 2210 2040 6/89 H
1705 CEDAR MINES CO. 129-089-068 1653718.0 133170.0 2380 140 2240 2110 7/89 H
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N708 LEFONE CRK CATTLE CO 130-084-31BDD 1811305.0 136717.0 2310 200 2110 2086 9/87 H
M709 LAINTZ J. 130-082-22CCB 1888754.0 143723.0 2140 112 2028 1960 9/87 H
N710 MCGREGOR J. 129-087-34AB 1733883.0 107166.0 2280 170 2110 2000 2/87 H
NC002 SILBERNAGEL A. 129-079-07CBD 1967533.0 125874.0 1880 80 1800 1670 1/60 F
NC003 ALKIRE L. 129-079-21BAA 1978906.0 117819.0 1720 64 1646 1650 1/61 F
WC004 OTIS F. 129-079-22DD 1984433.0 114215.0 1680 70 1610 1580 6/51 F
NC009 SANOLAND E 129-080-22DA 1954937.0 115502.0 1980 100 1880 1805 6/51 F
NC010 SANDLAND U. 129-080-22D0 1954870.0 113761.0 1970 100 1870 1825 6/51 F
NC011 HARRISON J. 129-080-23CC0 1957265.0 114536.0 1930 40 1890 1870 1/68 F
NC012 4521 NDSWC 129-080-23000 1960702.0 114139.0 1927 68 1859 1789 1 F
NC014 HACK K. 129-080-35AA 1959935.0 107931.0 1945 20 1925 1909 6/51 F
MC015 NDSWC 4520 129-081-01BAB 1931224.0 132632.0 1840 62 1778 1742 7/73 F G
NC016 LUND W. 129-081-10ABC 1922421.0 127286.0 1930 60 1870 1738 1/52 F
NC017 LUND W. 129-081-10ACB 1922401.0 126198.0 1930 15 1915 1860 1/61 F
NC019 VOLLMUTH A. 129-081-19BB 1904177.0 117924.0 2145 22 2123 2005 6/51 H
NC021 SANDLAND A. 129-081-2000 1913523.0 113802.0 2130 8 2122 2050 6/51 H
NC022 SCHAEFFER D. 129-081-25DCC 1932732.0 108679.0 2210 395 1815 1790 1/54 F
NC027 HEINEN A. 129-081-33DD 1918744.0 104741.0 2140 30 2110 2033 6/51 H
NC028 SANDLAND R. 129-081-34BAA 1921277.0 107732.0 2140 145 1995 1915 1/64 F
NC029 KRAFT A. 129-082-020AD2 1897963.0 130156.0 2185 70 2115 2010 12/71 H
NC033 JOCHIM J. 129-082-060AD 1876970.0 130187.0 2235 80 2155 2085 1/43 H
NC038 DILLMAN J. 129-082-11DAD2 1897646.0 125151.0 2165 47 2118 2000 12/71 H
NC043 VOLK E. 129-082-29BCC 1878520.0 111192.0 2150 20 2130 2105 6/51 H
NC049 CERNEY F. 129-083-12BAC1 1868520.0 127270.0 2190 . 55 2135 2060 12/71 H
NCOS 4 FRIED A. 129-083-260AA 1866203.0 110201.0 2210 70 2140 2010 1/63 H
NC05S CLINES C. 129-083-31BCA 1842325.0 106241.0 2223 40 2183 2099 5/65 H
NC058 NOSSET L. 129-084-22ADD 1830245.0 116339.0 2300 80 2220 2150 1/65 H
MC059 FEIST J. 129-084-24BCA 1836882.0 116663.0 2260 20 2235 2075 1/70 H
NC063 TISHMACK T. 129-085-090DA 1794031.0 124160.0 2250 140 2110 2040 1/20 H
NC066 SCHWEHR E. 129-085-16BCC1 1789780.0 121113.0 2140 25 2115 1976 1/69 H
NC073 JACOBS A. 129-085-27DC02 1797646.0 109040.0 2290 80 2210 0 7 H
NC076 MOSER H. 129-085-28CDD2 1790761.0 108586.0 2260 93 2167 2070 9/71 H
NC080 FUCHS H. 129-086-04CDD1 1759683.0 129838.0 2140 26 2114 2070 1/67 H
NC086 TERNES S. 129-086-10AB02 1766672.0 128302.0 2190 73 2117 2070 1/71 H
NC087 TERNES S. 129-086-13DBC 1773986.0 120020.0 2260 40 2220 2110 1/63 H
NC093 BUEL C. 129-086-20CDD 1753866.0 113976.0 2160 45 2115 2060 1/49 H
NC108 OLSON A. 129-087-02BBD1 1735951.0 133795.0 2040 15 2025 1965 1/63 H
NCI 09 OLSON A. 129-087-02BB02 1737019.0 133037.0 2040 15 2025 1965 ? H
NC113 KATUS R. 129-087-04DAB2 1729640.0 132817.0 2050 10 2040 2030 1/52 H
NC114 NEHL B. 129-087-08AAA1 1726022.0 128186.0 2070 20 2050 1976 1/45 H
NC124 GREGOR J.MC 129-087-34BAC 1732534.0 107259.0 2310 170 2140 2040 8/71 H
NCI 25 DOBITZ C. 129-088-010AA 1714594.0 130941.0 2130 40 2090 1953 1/61 H
NC126 4525 NDSWC 129-088-05DDD1 1694144.0 130796.0 2200 117 2083 1752 7/73 F
NCI 27 4525A NDSWC 129-088-050002 1694144.0 130763.0 2200 63 2137 1864 7/73 M
NCI 28 45258 NDSWC 129-088-050003 1694144.0 130763.0 2200 62 2138 2026 7/78 H
NC134 MAIER A. 129-088-20CAA 1691399.0 115776.0 2345 150 2195 2045 1/49 H
NC136 MAIER A. 129-088-28CA 1695774.0 110624.0 2290 80 2210 2150 1/72 H
NC137 MAIER A. 129-088-28C0O 1695472.0 108905.0 2290 80 2210 2125 1/25 H
NCI 40 MAIER A. 129-088-33BAA 1695699.0 106920.0 2280 100 2180 2080 1/66 H
NC144 DOBITZ C. 129-089-02BBB2 1674691.0 134237.0 2200 40 2160 2020 1/70 H
NC145 DOBITZ C. 129-089-028C8 1674165.0 132127.0 2230 49 2181 2054 8/71 H
NC147 DOBITZ C. 129-089-03CDC 1669707.0 130148.0 2240 60 2180 2060 1/64 H
NC148 KNOKE E. Î29-089-05DDD 1662323.0 130103.0 2260 40 2220 2144 1/28 H
NC160 DIX G. 129-089-23CCC2 1673753.0 114722.0 2480 190 2290 2167 9/72 H
NC185 PLOOG H. 129-090-190CC 1623749.0 114853.0 2540 210 2330 2290 1/40 H
NC191 8077 NDSWC 130-080-03ABB 1952488.0 162867.0 1640 27 1613 1456 9/71 F
NC203 NDSWC 8080 130-080-23DDD 1960623.0 144563.0 1640 26 1614 1456 9/71 G G
ER-4172 112
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NC211 MOSSET 8. 130-08V31BBB2 1904157.0 137989.0 2220 120 2100 1995 1/68 H
NC215 SCHAFFER G. 130-082-14CCA 1894045.0 149707.0 2150 90 2060 1986 6/65 H
NC217 N.D. SELFRIDGE 130-082-34ABO1 1890728.0 136954.0 2190 38 2152 1985 1/57 H
NC219 8083 NDSWC 130-082-36BBC 1899122.0 137663.0 2197 319 1878 1717 1/72 F
NC224 NDSWC 4522 130-083-36AAA 1871812.0 138129.0 2247 432 1815 1743 7/73 F G
NC225 BRAUN B. 130-083-36BDB 1868241.0 137068.0 2245 180 2065 2045 1/61 H
NC227 NDSWC 4523 130-084-31AAAI 1815313.0 138433.0 2238 178 2060 1790. 7/73 H G
NC228 NDSWC 4523A 130-084-31AAA2 1815313.0 138433.0 2238 166 2072. 2040 7/73 H G
NC230 NDSWC 4489 130-084-36ABA 1839009.0 137785.0 2148 248 1900 1749 12/72 F G
NC231 UMBER F. 130-085-09CCC 1790162.0 154404.0 1900 50 1850 1730 1/682 F
NC233 NDSWC 4488 130-085-17DAA1 1785087.0 150872.0 1910 22 1888 1691 10/72 F G
NC241 KNISPEL R. 130-085-28CCC3 1790050.0 139374.0 2050 50 2000 1949 1/61 H
NC246 OLSON 0. 130-086-25BCC2 1774158.0 142071.0 2040 20 2020 1980 1/55 H
NC250 NDSWC 4524 130-086-28CCC1 1758685.0 140522.0 2062 140 1922 1656 7/73 F G
NC251 NDSWC 4524A 130-086-28CCC2 1758685.0 140522.0 2062 136 1926 1858 7/73 F G
NC2S2 GALL H. 130-G86-320DA1 1757532.0 134510.0 2080 70 2010 1950 1/71 H
NC254 HALVESON F. 130-086-33AB 1761519.0 138465.0 2040 30 2010 1840 6/51 H
NC256 HALVERSON H. 130-086-34BDD 1765043.0 137763.0 2070 40 2030 2010 ? H
MC259 DOBITZ C. 130-089-34DDD 1673054.0 134922.0 2165 20 2145 2125 ? H
MC261 EVENSON M. 130-090-25CCC2 1647858.0 140457.0 2340 90 2250 2220 7 H
MC263 DALEY J. 130-090-32BA01 1628260.0 139290.0 2310 30 2280 2180 1/59 H
HC265 JAHNAL J. 130-090-33CCB 1631921.0 135934.0 2460 200 2260 2060 1/61 H
NC267 EVENSON M. 130-090-35BAA 1643840.0 139497.0 2390 150 2240 2160 1/59 H
MC287 HENDERSON P. 131-081-31D8C 1906060.0 165298.0 1960 120 1840 1800 1/59 F
NC288 SCHMIDT T. 131-081-33ACA 1917791.0 167576.0 1920 50 1870 1720 1/47 F
NC290 4519 NDSWC 131-082-180CD 1876811.0 179367.0 2019 236 1783 1661 67/72 F
NC292 FROELICH J. 131-082-22BC 1888638.0 176955.0 2100 85 2015 1900 6/51 H
NC301 WETZSTE1N J. 132-079-28BCC 1976253.0 203018.0 1640 201 1439 1328 7 F
NC319 SCHAF J. 132-081-36ADB 1932931.0 197853.0 1760 80 1680 1660 1/56 F
NC321 KAHL L. 132-082-090CB 1885585.0 215260.0 1760 20 1740 1693 ? F
NC322 KAHL L 132-082-09DDC 1886874.0 214741.0 1740 9 1731 1673 1/57 F
NC325 NDSWC 4417 132-082-10CBC 1887775.0 215511.0 1741 16 1725 1619 11/71 G G
NC328 4414 NDSWC 132-082-19800 1874336.0 207835.0 1780 16 1764 1722 11/71 F
NC330 KRAFT J. 132-082-30ADB 1875945.0 202668.0 1920 180 1740 1520 1/63 F
NC334 PORT D. 132-083-11CBA1 1863200.0 216632.0 1760 36 1724 1464 ? F
NC336 NDSWC 8091 132-083-29CCC 1846482.0 198660.0 1799 19 1780 1562 9/71 G G
NC351 STOLTZ J. 133-079-08CAD 1961268.0 243275.0 1845 190 1655 1625 1/22 F
NC355 FISCHER T. 133-079-29AAB 1963472.0 231567.0 1680 30 1650 1590 1/68 F
NC356 NDSWC 8639 133-079-29ABA 1962592.0 231596.0 1680 27 1653 1573 7/73 F
HC357 GULLICKSON 0. 133-079-330AC 1966096.0 224180.0 1780 130 1650 1590 1/62 F G
NC365 8071 NDSWC 133-080-13DDA 1953448.0 238700.0 1760 86 . 1674 1616 1/72 F
NC370 8644A NDSWC 133-080-31CCD2 1923677.0 222733.0 1770 66 1704 1682 1/73 F
NC387 NDSWC 8637 134-079-32A00 1963072.0 254741.0 1690 77 1613 1408 10/73 C G
MC396 NORTHER PACIFIC RAIL 134-080-30CCD 1923934.0 257909.0 1690 38 1652 1618 10/52 F
NC403 NDSWC 8086 134-082-360CD 1889963.0 252797.0 1711 34 1677 1566 9/71 F G
NC40S NDSWC 4492 130-089-320DA 1661936.0 137793.0 2165 56 2109 1640 8/74 F G
NC408 NDSWC 4526 131-089-30AAA 1657197.0 175388.0 2395 322 2073 1604 8/74 F
MC415 NDSWC 4398 132-084-06CCC 1814867.0 219962.0 2049 87 1962 1885 8/74 H
NC420 NDSWC 4518 132-084-160AA 1825163.0 211713.0 1973 147 1826 1595 8/74 F
NC422 NDSWC 4487 133-085-12AAD 1797216.0 245022.0 2020 180 1840 1510 8/74 F
$601 FANSTAD RANCH INC. 023-020-20CBD 1701276.0 102190.0 2230 68 2162 2114 11/83 F
$602 MANE T. 023-019-30 1665933.0 93208.0 2310 80 2230 2210 79 F
$603 NINE B. 022-021-05CA 1733043.0 82122.3 2280 107 2173 2133 8/85 F
$625 WALKER A.K. 023-024-360 1849298.0 84856.1 2180 60 2120 2105 9/74 F
$626 SRST 023-021-300 1729565.0 91409.8 2280 160 2120 2080 8/78 F
$628 EARSTAD R. 023-019-25DC 1690613.0 91380.2 2310 40 2270 2250 7/77 H
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WALKING ELK C. 022-029-118 1995436.0 76742.1 1630 17 1613 1612 6/78 F
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Calibrated model input 
for MODFLOW BASIC package 
(ASCII text file).
Calibrated model input 
for MODFLOW BLOCK 
CENTERED FLOW package 
(ASCII text file).
Calibrated model input 
for MODFLOW OUTPUT 
CONTROL package (ASCII 
text file).
Calibrated model input 
for MODFLOW RECHARGE 
package (ASCII text 
file).
Calibrated model input 
for MODFLOW RIVER package 
(ASCII text file).
Calibrated model input 
for MODFLOW STRONGLY 
IMPLICIT PROCEDURE 
package (ASCII text 
file).
ER-4172 185
U.S. GEOLOGICAL SURVEY MODULAR FINITE DIFFERENCE GROUNDWATER MODEL 
CALIBRATED INPUT/OUTPUT FOR SIOUX COUNTY, STANDING ROCK INDIAN RESERVATION, NO: QUASI-3-D BY RANDY DORIAN 7/92; CSM ER-4172. 
2 LAYERS 26 ROWS 21 COLUMNS
1 STRESS PERIOO(S) IN SIMULATION 
MODEL TIME UNIT IS DAYS 
I/O UNITS:
ELEMENT OF IUNIT: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 IB 19 20 21 22 23 24
I/O UNIT: 11 0 0  14 0 0 0  18 19 0 0  20 0 0 0 0 0 0 0 0 0 0 0 0
BAS1 -- BASIC MODEL PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 1 
ARRAYS RHS AND BUFF WILL SHARE MEMORY.
START HEAD WILL BE SAVED
10429 ELEMENTS IN X ARRAY ARE USED BY BAS
10429 ELEMENTS OF X ARRAY USED OUT OF 517000
BCF1 —  BLOCK-CENTERED FLOW PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 11 
STEADY-STATE SIMULATION




2186 ELEMENTS IN X ARRAY ARE USED BY BCF
12615 ELEMENTS OF X ARRAY USED OUT OF 517000
RCH1 -- RECHARGE PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT .18 
OPTION 3 —  RECHARGE TO HIGHEST ACTIVE NODE IN EACH VERTICAL COLUMN 
CELL-BY-CELL FLOW TERMS WILL BE RECORDED ON UNIT 33 
546 ELEMENTS OF X ARRAY USED FOR RECHARGE
13161 ELEMENTS OF X ARRAY USED OUT OF 517000
RIV1 -- RIVER PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 14 
MAXIMUM OF 27 RIVER NODES 
CELL-BY-CELL FLOWS WILL BE RECORDED ON UNIT 32 
162 ELEMENTS IN X ARRAY ARE USED FOR RIVERS
13323 ELEMENTS OF X ARRAY USED OUT OF 517000
SIP1 —  STRONGLY IMPLICIT PROCEDURE SOLUTION PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 19 
MAXIMUM OF 100 ITERATIONS ALLOWED FOR CLOSURE 
5 ITERATION PARAMETERS
4773 ELEMENTS IN X ARRAY ARE USED BY SIP
18096 ELEMENTS OF X ARRAY USED OUT OF 517000
CALIBRATED INPUT/OUTPUT FOR SIOUX COUNTY, STANDING ROCK INDIAN RESERVATION, ND: QUASI-3-D BY RANDY DORIAN 7/92; CSM ER-4172.
BOUNDARY ARRAY FOR LAYER 1 WILL BE READ ON UNIT 1 USING FORMAT: (2513)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0
ER-4172 186
10 0 0 0 0 0 0 0 1 1 1 1 1 1 1 -1 0 0 0 0 0 0
11 0 0 0 0 0 0 0 1 1 1 1 1 1 1 -1 0 0 0 0 0 0
12 0 0 0 0 0 0 0 1 1 1 1 1 1 1 -1 0 0 0 0 0 0
13 0 0 0 0 0 0 0 1 1 1 1 1 1 -1 0 0 0 0 0 0 0
H 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0
16 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0
17 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0
18 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0
19 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0
20 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0
21 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0
22 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0
23 -1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
24 0 -1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
25 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
BOUNDARY ARRAY FOR LAYER 2 WILL BE READ ON UNIT 1 USING FORMAT: (2513)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
1 0 0 0 0 0 0 0 0 0 0 -2 -2 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 2 2 2 -2 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 2 2 2 2 -2 -2 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 2 2 2 2 2 2 2 -2 0 0 0 0 0 0
5 0 0 0 0 0 0 0 2 2 2 2 2 2 2 -2 0 0 0 0 0 0
6 0 0 0 0 0 0 0 2 2 2 2 2 2 2 -2 -2 0 0 0 0 0
7 0 0 0 0 0 0 0 2 2 2 2 2 2 2 2 -2 -2 -2 -2 -2 -2
8 0 0 0 0 0 0 0 2 2 2 2 2 2 2 2 2 2 2 -2 -2 -2
9 0 0 0 0 0 0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 -2
10 0 0 0 0 0 0 0 2 2 2 2 2 2 2 2 2 2 2 2 -2 0
11 0 0 0 0 0 0 0 2 2 2 2 2 2 2 2 2 2 2 -2 0 0
12 0 0 0 0 0 0 0 2 2 2 2 2 2 2 2 2 2 -2 0 0 0
13 0 0 0 0 0 0 0 2 2 2 2 2 2 2 2 2 -2 0 0 0 0
14 0 0 0 0 0 0 0 2 2 2 2 2 2 2 2 -2 0 0 0 0 0
15 0 0 0 0 0 0 0 2 2 2 2 2 2 2 -2 0 0 0 0 0 0
16 0 0 0 0 0 0 2 2 2 2 2 2 2 -2 0 0 0 0 0 0 0
17 0 0 0 0 0 0 2 2 2 2 2 2 -2 0 0 0 0 0 0 0 0
18 0 0 0 0 0 2 2 2 2 2 2 -2 0 0 0 0 0 0 0 0 0
19 0 0 0 0 2 2 2 2 2 2 •2 0 0 0 0 0 0 0 0 0 0
20 0 0 0 2 2 2 2 2 2 -2 0 0 0 0 0 0 0 0 0 0 0
21 0 2 2 2 2 2 2 2 -2 0 0 0 0 0 0 0 0 0 0 0 0
22 2 2 2 2 2 2 2 -2 0 0 0 0 0 0 0 0 0 0 0 0 0
23 -2 2 2 2 2 2 -2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
24 0 -2 2 2 2 -2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
25 0 0 -2 2 -2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
26 0 0 0 -2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
AQUIFER HEAD WILL BE SET TO 9999.0 AT ALL NO- FLOW NODES (I BOUNDED).
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1 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
2 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
3 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
4 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1670. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
5 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1680. 1880. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
6 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1690. 1880. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
7 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1710. 1885. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
8 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1730. 1890. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1750. 1920. 1990.
2015.
9999.
2050. 2055. 2060. 9999. 9999. 9999. 9999. 9999. 9999.
10 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1770. 1910. 2035.
2045.
9999.
2055. 2060. 2080. 2080. 9999. 9999. 9999. 9999. 9999.
11 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1790. 1940. 2035.
2045.
9999.
2070. 2100. 2120. 2120. 9999. 9999. 9999. 9999. 9999.
12 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1820. 1965. 2040.
2045.
9999.
2080. 2125. 2130. 2140. 9999. 9999. 9999. 9999. 9999.
13 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1850. 1990. 2040.
2100.
9999.
2125. 2150. 2160. 9999. 9999. 9999. 9999. 9999. 9999.
14 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1880. 2020. 2100.
2150.
9999.
2170. 2180. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
15 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1915. 2040. 2120.
2190.
9999.
2190. 2200. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
16 9999. 9999. 9999. 9999. 9999. 9999. 1950. 2035. 2150. 2200.
2210.
9999.
2215. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
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17 9999. 9999. 9999. 9999. 9999. 9999. 2000. 2100. 2165. 2210.
2215.
9999.
2225. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
18 9999. 9999. 9999. 9999. 9999. 2050. 2050. 2115. 2200. 2220.
2230.
9999.
2240. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
19 9999. 9999. 9999. 9999. 2100. 2090. 2120. 2150. 2210. 2230.
2240.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
20 9999. 9999. 9999. 2140. 2130. 2150. 2180. 2210. 2240. 2260.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
21 9999. 2200. 2180. 2200. 2200. 2200. 2230. 2250. 2290. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
22 2230. 2240. 2240. 2240. 2240. 2260. 2280. 2300. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
23 2280. 2280. 2285. 2255. 2280. 2290. 2320. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
24 9999. 2330. 2330. 2280. 2290. 2330. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
25 9999. 9999. 2360. 2320. 2360. 9999. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999,
26 9999. 9999. 9999. 2380. 9999. 9999. 9999. 9999. 9999. 9999
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.






















1 9999. 9999. 9999. 9999. 9999. 9999. ' 9999. 9999. 9999. 9999.
1607.
9999.
1607. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
2 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1620.
1630.
9999.
1620. 1607. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
3 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1645. 1640.
1650.
9999.
1650. 1607. 1607. 9999. 9999. 9999. 9999. 9999. 9999.
4 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1660. 1650. 1660.
1660.
9999.
1665. 1660. 1620. 1607. 9999. 9999. 9999. 9999. 9999.
5 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1660. 1670. 1700.
1690.
9999.
1680. 1670. 1630. 1607. 9999. 9999. 9999. 9999. 9999.
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6 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1700. 1720. 1760.
1730.
9999.
1680. 1660. 1640. 1607. 1607. 9999. 9999. 9999. 9999.
7 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1720. 1740. 1770.
1745.
1607.
1730. 1720. 1690. 1620. 1607. 1607. 1607. 1607. 1607.
8 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1730. 1740. 1780.
1810.
1607.
1830. 1870. 1775. 1770. 1700. 1690. 1690. 1607. . 1607.
9 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1750. 1760. 1770.
1790.
1680.
1870. 1840. 1830. 1820. 1800. 1830. 1780. 1740. 1690.
10 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1800. 1780. 1800.
1850.
9999.
1900. 1850. 1830. 1885. 1900. 1890. 1840. 1790. 1730.
11 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1825. 1840. 1895.
1920.
9999.
1930. 1940. 1940. 1940. 1995. 1950. 1915. 1830. 9999.
12 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1830. 1855. 1920.
1890.
9999.
1965. 1980. 1985. 2000. 2010. 1990. 1930. 9999. 9999.
13 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1860. 1890. 1875.
1920.
9999.
1980. 1990. 2000. 2020. 2030. 2000. 9999. 9999. 9999.
14 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1870. 1895. 1980.
2020.
9999.
2050. 2070. 2060. 2050. 2050. 9999. 9999. 9999. 9999.
15 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1880. 1950. 2020.
2030.
9999.
2050. 2100. 2120. 2125. 9999. 9999. 9999. 9999. 9999.
16 9999. 9999. 9999. 9999. 9999. 9999. 1920. 1940. 2020. 2070.
2065.
9999.
2100. 2125. 2140. 9999. 9999. 9999. 9999. 9999. 9999.
17 9999. 9999. 9999. 9999. 9999. 9999. 1940. 1970. 2025. 2055.
2080.
9999.
2100. 2130. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
18 9999. 9999. 9999. 9999. 9999. 2030. 2020. 2060. 2100. 2140.
2150.
9999.
2150. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
19 9999. 9999. 9999. 9999. 2080. 2065. 2070. 2110. 2180. 2160.
2160.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
20 9999. 9999. 9999. 2080. 2080. 2110. 2130. 2120. 2170. 2175.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
21 9999. 2180. 2110. 2160. 2155. 2160. 2170. 2185. 2185. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
22 2210. 2200. 2195. 2200. 2190. 2200. 2210. 2200. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
23 2180. 2200. 2215. 2220. 2230. 2230. 2220. 9999. 9999. 9999.
. 9999. 
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
24 9999. 2200. 2230. 2240. 2240. 2230. 9999. 9999. 9999. 9999.
ER-4172 190
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999,
9999.
25 9999. 9999. 2230. 2250. 2250. 9999. 9999. 9999. 9999. 9999
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999
9999.
26 9999. 9999. 9999. 2260. 9999. 9999. 9999. 9999. 9999. 9999
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999
9999.
HEAD PRINT FORMAT IS FORMAT NUMBER 0 DRAWDOWN PRINT FORMAT IS FORMAT NUMBER 0
HEADS WILL BE SAVED ON UNIT 30 DRAWDOWNS WILL BE SAVED ON UNIT 31
OUTPUT CONTROL IS SPECIFIED EVERY TIME STEP
COLUMN TO ROW ANISOTROPY = 1.000000
DELR = 15840.00
DELC - 15840.00






















1 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0
999.0
999.0
999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0
2 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0
999.0
999.0
999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0
3 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0
999.0
999.0
999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0
4 999.0 999.0 999.0 999.0 999.0 999.0 999.0 10.00 999.0 999.0
999.0
999.0
999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0
5 999.0 999.0 999.0 999.0 999.0 999.0 999.0 10.00 1.000 999.0
999.0
999.0
999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0
6 999.0 999.0 999.0 999.0 999.0 999.0 999.0 10.00 1.000 999.0
999.0
999.0
999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0
7 999.0 999.0 999.0 999.0 999.0 999.0 999.0 10.00 1.000 999.0
999.0
999.0
999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0
8 999.0 999.0 999.0 999.0 999.0 999.0 999.0 10.00 1.000 999.0
999.0
999.0
999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0
9 999.0 999.0 999.0 999.0 999.0 999.0 999.0 10.00 1.000 10.00
10.00
999.0
10.00 10.00 10.00 999.0 999.0 999.0 999.0 999.0 999.0
10 999.0 999.0 999.0 999.0 999.0 999.0 999.0 10.00 1.000 10.00
10.00
999.0
10.00 10.00 10.00 10.00 999.0 999.0 999.0 999.0 999.0




10.00 10.00 10.00 10.00
12 999.0 999.0 999.0 999.0 999.0
10.00
999.0
10.00 10.00 10.00 10.00
13 999.0 999.0 999.0 999.0 999.0
1.000
999.0
1.000 1.000 1.000 999.0
14 999.0 999.0 999.0 999.0 999.0
1.000
999.0
1.000 1.000 999.0 999.0
15 999.0 999.0 999.0 999.0 999.0
1.000
999.0
1.000 1.000 999.0 999.0
16 999.0 999.0 999.0 999.0 999.0
1.000
999.0
1.000 999.0 999.0 999.0
17 999.0 999.0 999.0 999.0 999.0
1.000
999.0
1.000 999.0 999.0 999.0
18 999.0 999.0 999.0 999.0 999.0
1.000
999.0
1.000 999.0 999.0 999.0
19 999.0 999.0 999.0 999.0 10.00
1.000
999.0
999.0 999.0 999.0 999.0
20 999.0 999.0 999.0 10.00 10.00
999.0
999.0
999.0 999.0 999.0 999.0
21 999.0 10.00 10.00 1.000 1.000
999.0
999.0
999.0 999.0 999.0 999.0
22 10.00 1.000 1.000 1.000 1.000
999.0
999.0
999.0 999.0 999.0 999.0
23 1.000 1.000 1.000 1.000 1.000
999.0
999.0
999.0 999.0 999.0 999.0
24 999.0 1.000 1.000 1.000 1.000
999.0
999.0
999.0 999.0 999.0 999.0
25 999.0 999.0 1.000 1.000 1.000
999.0
999.0
999.0 999.0 999.0 999.0
26 999.0 999.0 999.0 1.000 999.0
999.0
999.0
999.0 999.0 999.0 999.0
999.0 999.0 999.0 999.0 999.0
999.0 999.0 10.00 1.000 10.00
999.0 999.0 999.0 999.0 999.0
999.0 999.0 10.00 1.000 1.000
999.0 999.0 999.0 999.0 999.0
999.0 999.0 10.00 1.000 1.000
999.0 999.0 999.0 999.0 999.0
999.0 999.0 10.00 1.000 1.000
999.0 999.0 999.0 999.0 999.0
999.0 10.00 1.000 1.000 1.000
999.0 999.0 999.0 999.0 999.0
999.0 10.00 1.000 1.000 1.000
999.0 999.0 999.0 999.0 999.0
10.00 10.00 1.000 1.000 1.000
999.0 999.0 999.0 999.0 999.0
10.00 1.000 1.000 1.000 1.000
999.0 999.0 999.0 999.0 999.0
1.000 1.000 1.000 1.000 1.000
999.0 999.0 999.0 999.0 999.0
1.000 1.000 1.000 1.000 999.0
999.0 999.0 999.0 999.0 999.0
1.000 1.000 1.000 999.0 999.0
999.0 999.0 999.0 999.0 999.0
1.000 1.000 999.0 999.0 999.0
999.0 999.0 999.0 999.0 999.0
1.000 999.0 999.0 999.0 999.0
999.0 999.0 999.0 999.0 999.0
999.0 999.0 999.0 999.0 999.0
999.0 999.0 999.0 999.0 999.0
999.0 999.0 999.0 999.0 999.0
999.0 999.0 999.0 999.0 999.0
BOTTOM FOR LAYER 1 WILL BE READ ON UNIT 11 USING FORMAT: (10F12.1)
1 2 3 4 5 6 7 8 9  10
11 12 13 14 15 16 17 18 19 20
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21
1 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
2 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
3 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
4 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1610. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
5 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1620. 1725. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
6 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1630. 1725. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
7 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1645. 1730. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
8 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1665. 1750. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1675. 1780. 1830.
1865.
9999.
1880. 1910. 1930. 9999. 9999. 9999. 9999. 9999. 9999.
10 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1675. 1860. 1800.
1880.
9999.
1910. 1930. 1960. 1990. 9999. 9999. 9999. 9999. 9999.
11 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1680. 1880. 1880.
1920.
9999.
1990. 2000. 2010. 2030. 9999. 9999. 9999. 9999. 9999.
12 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1700. 1890. 1900.
1940.
9999.
2010. 2010. 2065. 2090. 9999. 9999. 9999. 9999. 9999.
13 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1720. 1910. 1920.
1980.
9999.
2060. 2090. 2120. 9999. 9999. 9999. 9999. 9999. 9999.
14 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1780. 1940. 1940.
1950.
9999.
1980. 2010. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
15 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1810. 1960. 1990.
2050.
9999.
2140. 2140. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
16 9999. 9999. 9999. 9999. 9999. 9999. 1830. 1980. 2000. 2060.
2100.
9999.
2170. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
17 9999. 9999. 9999. 9999. 9999. 9999. 1850. 1980. 2060. 2120.
2145.
9999.
2165. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
18 9999. 9999. 9999. 9999. 9999. 1905. 1900. 2010. 2090. 2140.
2185. 2230. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
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9999.
19 9999. 9999. 9999. 9999. 1900. 1945. 2010. 2050. 2110. 2150.
2210. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.
20 9999. 9999. 9999. 1920. 1920. 1890. 1950. 2020: 2080. 2140.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.
21 9999. 1950. 1940. 1840. 1870. 1910. 2000. 2100. 2150. 9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.
22 1950. 1960. 1850. 1900. 1930. 1990. 2080. 2150. 9999. 9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.
23 1960. 2030. 2070. 2120. 1990. 2060. 2110. 9999. 9999. 9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.
24 9999. 2000. 2080. 2150. 2190. 2230. 9999. 9999. 9999. 9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.
25 9999. 9999. 2200. 2230. 2260. 9999. 9999. 9999. 9999. 9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.
26 9999. 9999. 9999. 2260. 9999. 9999. 9999. 9999. 9999. 9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.
VERT HYD COND /THICKNESS FOR LAYER 1 WILL BE READ ON UNIT 11 USING FORMAT: (10E12.4)
1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17 18 19 20
21
1 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.
2 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.
3 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.
4 9999. 9999. 9999. 9999. 9999. 9999. 9999. 5.0000E-02 9999. 9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.
5 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1.0000E-02 1.0000E-07 9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.
6 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1.OOOOE-O2 1.0000E-07 9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.
7 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1.5000E-02 1.0000E-07 9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
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9999.
8 9999. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999.
9 9999. 9999. 9999. 9999. 9999.
1.0000E-07
9999.
1.0000E-07 3.0000E-07 1.0000E-07 9999.
10 9999. 9999. 9999. 9999. 9999.
6.0000E-07
9999.
5.0000E-07 6.0000E-07 6.000ÛE-07 1.0000E-07
11 9999. 9999. 9999. 9999. 9999.
5.0000E-07
9999.
4.0000E-07 4.0000E-07 4.0000E-07 1.QOOOE-07
12 9999. 9999. 9999. 9999. 9999.
4.0000E-07
9999.
4.0000E-07 2.0000E-07 2.0000E-07 1.0000E-07
13 9999. 9999. 9999. 9999. 9999.
6.0000E-07
9999.
2.0000E-07 4.0000E-07 4.0000E-07 9999.
14 9999. 9999. 9999. 9999. 9999.
4.0000E-07
9999.
4.0000E-07 4.0000E-07 9999. 9999.
15 9999. 9999. 9999. 9999. 9999.
5.0000E-07
9999.
5.0000E-07 7.0000E-07 9999. 9999.
16 9999. 9999. 9999. 9999. 9999.
8.0000E-07
9999.
8.0000E-07 9999. 9999. 9999.
17 9999. 9999. 9999. 9999. 9999.
8.0000E-07
9999.
8.0000E-07 9999. 9999. 9999.
18 9999. 9999. 9999. 9999. 9999.
1.1000E-06
9999.
1.1000E-06 9999. 9999. 9999.
19 9999. 9999. 9999. 9999. 6.0000E-04
1.1000E-06
9999.
9999. 9999. 9999. 9999.
20 9999. 9999. 9999. 1.1000E-03 8.0000E-04
9999.
9999.
9999. 9999. 9999. 9999.
21 9999. 1.1000E-03 1.OOOOE-03 7.5000E-07 1.5000E-06
9999.
9999.
9999. 9999. 9999. 9999.
22 1.0000E-03 1.0000E-06 1.2000E-06 2.5000E-06 1.5000E-06
9999.
9999.
9999. 9999. 9999. 9999.
23 1.0000E-06 1.2000E-06 1.5000E-06 1.5000E-06 1.5000E-06
9999.
9999.
9999. 9999. 9999. 9999.
24 9999. 1.5000E-06 1.5000E-06 1.5000E-06 1.5000E-06
9999.
9999.
9999. 9999. 9999. 9999.
25 9999. 9999. 1.SO0to-O6 1.5000E-06 1.5000E-06
9999.
9999.
9999. 9999. 9999. 9999.
9999. 9999. 1.5000E-02 1-0000E-07 9999.
9999. 9999. 9999. 9999. 9999.
9999. 9999. 2.0000E-02 1.0000E-07 2.0000E-07
9999. 9999. 9999. 9999. 9999.
9999. 9999. 4.0000E-02 1.0000E-06 8.0000E-07
9999. 9999. 9999. 9999. 9999.
9999. 9999. 4.0000E-02 6.0000E-07 8.0000E-07
9999. 9999. 9999. 9999. 9999.
9999. 9999. 6.0000E-02 2.0000E-07 3.0000E-07
9999. 9999. 9999. 9999. 9999.
9999. 9999. 4.0000E-02 4.0000E-07 5.0000E-07
9999. 9999. 9999. 9999. 9999.
9999. 9999. 4.0000E-02 3.0000E-07 4.0000E-07
9999. 9999. 9999. 9999. 9999.
9999. 9999. 4.OOOOE-03 5.0000E-07 5.0000E-07
9999. 9999. 9999. 9999. 9999.
9999. 3.0000E-04 5.0000E-07 6.0000E-07 8.0000E-07
9999. 9999. 9999. 9999. 9999.
9999. 4.0000E-04 8.0000E-07 8.0000E-07 8.0000E-07
9999. 9999. 9999. 9999. 9999.
6.5000E-04 7.0000E-04 1.1000E-06 1.1000E-06 1.1000E-06
9999. 9999. 9999. 9999. 9999.
7.5000E-04 1.1000E-06 1.1000E-06 1.1000E-06 1.1000E-06
9999. 9999. 9999. 9999. 9999.
1.2000E-06 1.5000E-06 1.5000E-06 1.5000E-06 1.5000E-06
9999. 9999. 9999. 9999. 9999.
1.5000E-06 1.5000E-06 1.5000E-06 1.S000E-06 9999.
9999. 9999. 9999. 9999. 9999.
1.5000E-06 1.5000E-06 1.5000E-06 9999. 9999.
9999. 9999. 9999. 9999. 9999.
1.5000E-06 1.5000E-06 9999. 9999. 9999.
9999. 9999. 9999. 9999. 9999.
1.5000E-06 9999. 9999. 9999. 9999.
9999. 9999. 9999. 9999. 9999.
9999. 9999. 9999. 9999. 9999.
9999. 9999. 9999. 9999. 9999.
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26 9999. 9999. 9999. 1.5000E-06 9999. 9999. 9999. 9999. 9999. 9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.






















1 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
2 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
3 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
4 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1685. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
5 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1695. 1780. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
6 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1715. 1785. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
7 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1730. 1790. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
8 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1750. 1830. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1770. 1870. 1940.
2000.
9999.
2010. 2010. 2000. 9999. 9999. 9999. 9999. 9999. 9999.
10 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1790. 1960. 2000.
2010.
9999.
2020. 2020. 2040. 2060. 9999. 9999. 9999. 9999. 9999.
11 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1820. 2000. 2020.
2060.
9999.
2100. 2140. 2180. 2220. 9999. 9999. 9999. 9999. 9999.
12 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1835. 2020. 2040.
2080.
9999.
2120. 2180. 2220. 2260. 9999. 9999. 9999. 9999. 9999.
13 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1865. 2040. 2060.
2100.
9999.
2160. 2220. 2260. 9999. 9999. 9999. 9999. 9999. 9999.
14 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1885. 2060. 2080.
2120.
9999.
2180. 2260. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
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15 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1905. 2080. 2120.
2160.
9999.
2220. 2280. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
16 9999. 9999. 9999. 9999. 9999. 9999. 1940. 2080. 2120. 2160.
2220.
9999.
2280. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
17 9999. 9999. 9999. 9999. 9999. 9999. 1980. 2100. 2160. 2200.
2260.
9999.
2300. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
18 9999. 9999. 9999. 9999. 9999. 2040. 2020. 2120. 2180. 2220.
2280.
9999.
2300. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
19 9999. 9999. 9999. 9999. 2080. 2060. 2100. 2170. 2200. 2240.
2280.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
20 9999. 9999. 9999. 2120. 2100. 2060. 2120. 2180. 2220. 2260.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
21 9999. 2200. 2160. 2040. 2060. 2100. 2180. 2260. 2280. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
22 2240. 2240. 2060. 2080. 2100. 2160. 2240. 2300. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
23 2260. 2280. 2280. 2300. 2160. 2220. 2260. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
24 9999. 2240. 2280. 2320. 2340. 2360. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
25 9999. 9999. 2370. 2380. 2380. 9999. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999
26 9999. 9999. 9999. 2400. 9999. 9999. 9999. 9999. 9999. 9999
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999
9999.






















1 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
8000.
9999.
8000. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
2 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 8000.
8000.
9999.
8000. 8000. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
3 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 8000. 8000.
8000.
9999.
8000. 8000. 8000. 9999. 9999. 9999. 9999. 9999. 9999.
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A 9999. 9999. 9999. 9999. 9999.
800.0
9999.
800.0 800.0 600.0 9999.
5 9999. 9999. 9999. 9999. 9999.
8000.
9999.
8000. 8000. 8000. 8000.
6 9999. 9999. 9999. 9999. 9999.
800.0
9999.
8000. 8000. 8000. 8000.
7 9999. 9999. 9999. 9999. 9999.
8000.
8000.
800.0 800.0 800.0 800.0
8 9999. 9999. 9999. 9999. 9999.
800.0
8000.
800.0 800.0 800.0 800.0
9 9999. 9999. 9999. 9999. 9999.
800.0
800.0
800.0 800.0 800.0 800.0
10 9999. 9999. 9999. 9999. 9999.
800.0
9999.
800.0 800.0 800.0 800.0
11 9999. 9999. 9999. 9999. 9999.
800.0
9999.
800.0 800.0 800.0 800.0
12 9999. 9999. 9999. 9999. 9999.
800.0
9999.
800.0 800.0 800.0 800.0
13 9999. 9999. 9999. 9999. 9999.
800.0
9999.
800.0 800.0 800.0 800.0
14 9999. 9999. 9999. 9999. 9999.
800.0
9999.
800.0 800.0 800.0 800.0
15 9999. 9999. 9999. 9999. 9999.
800.0
9999.
800.0 800.0 800.0 800.0
16 9999. 9999. 9999. 9999. 9999.
800.0
9999.
800.0 800.0 800.0 9999.
17 9999. 9999. 9999. 9999. 9999.
800.0
9999.
800.0 800.0 9999. 9999.
18 9999. 9999. 9999. 9999. 9999.
800.0
9999.
800.0 9999. 9999. 9999.
19 9999. 9999. 9999. 9999. 8000.
800.0
9999.
9999. 9999. 9999. 9999.
20 9999. 9999. 9999. 8000. 8000.
9999.
9999.
9999. 9999. 9999. 9999.
21 9999. 8000. 8000. 800.0 800.0
9999.
9999.
9999. 9999. 9999. 9999.
22 8000. 800.0 800.0 800.0 800.0
9999. 9999. 8000. 8000. 800.0
9999. 9999. 9999. 9999. 9999.
9999. 9999. 8000. 800.0 800.0
9999. 9999. 9999. 9999. 9999.
9999. 9999. 8000. 800.0 800.0
8000. 9999. 9999. 9999. 9999.
9999. 9999. 8000. 800.0 8000.
8000. 8000. 8000. 8000. 8000.
9999. 9999. 8000. 8000. 800.0
800.0 800.0 800.0 800.0 8000.
9999. 9999. 8000. 8000. 800.0
800.0 800.0 800.0 800.0 800.0
9999. 9999. 8000. 800.0 800.0
800.0 800.0 800.0 800.0 800.0
9999. 9999. 8000. 800.0 800.0
800.0 800.0 800.0 800.0 9999.
9999. 9999. 8000. 800.0 800.0
800.0 800.0 800.0 9999. 9999.
9999. 9999. 8000. 800.0 800.0
800.0 800.0 9999. 9999. 9999.
9999. 9999. 8000. 800.0 800.0
800.0 9999. 9999. 9999. 9999.
9999. 9999. 8000. 800.0 800.0
9999. 9999. 9999. 9999. 9999.
9999. 8000. 800.0 800.0 800.0
9999. 9999. 9999. 9999. 9999.
9999. 8000. 800.0 800.0 800.0
9999. 9999. 9999. 9999. 9999.
8000. 8000. 800.0 800.0 800.0
9999. 9999. 9999. 9999. 9999.
800.0 800.0 800.0 800.0 800.0
9999. 9999. 9999. 9999. 9999.
800.0 800.0 800.0 800.0 800.0
9999. 9999. 9999. 9999. 9999.
800.0 800.0 800.0 800.0 9999.
9999. 9999. 9999. 9999. 9999.




9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
23 800.0 800.0 800.0 800.0 800.0 800.0 800.0 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
24 9999. 800.0 800.0 800.0 800.0 800.0 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
25 9999. 9999. 800.0 800.0 800.0 9999. 9999. 9999. 9999. 9999,
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
26 9999. 9999. 9999. 800.0 9999. 9999. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999,






















1 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
1540.
9999.
1540. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
2 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1561.
1570.
9999.
1550. 1540. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
3 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1586. 1566.
1630.
9999.
1630. 1540. 1540. 9999. 9999. 9999. 9999. 9999. 9999.
4 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1555. 1596. 1660.
1630.
9999.
1730. 1690. 1630. 1540. 9999. 9999. 9999. 9999. 9999.
5 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1560. 1665. 1670.
1630.
9999.
1730. 1690. 1630. 1540. 9999. 9999. 9999. 9999. 9999.
6 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1570. 1665. 1670.
1650.
9999.
1730. 1690. 1730. 1540. 1540. 9999. 9999. 9999. 9999.
7 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1580. 1670. 1670.
1670.
1540.
1760. 1790. 1790. 1710. 1540. 1540. 1540. 1540. 1540.
8 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1600. 1690. 1670.
1740.
1540.
1820. 1790. 1850. 1760. 1790. 1790. 1540. 1540. 1540.
9 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1605. 1720. 1760.
1805.
2130.
1820. 1830. 1870. 1950. 2010. 1930. 1890. 2130. 2130.
10 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1585. 1710. 1670.
1770.
9999.
1810. 1840. 1850. 1930. 2010. 1970. 2110. 2130. 2130.




1900. 1910. 1920. 1970. 2030. 2070. 2110. 2150.
12 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1590. 1820.
1850.
9999.
1920. 1940. 1995. 2030. 2070. 2110. 2130. 9999.
13 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1640. 1820.
1870.
9999.
1990. 2020. 2050. 2050. 2090. 2130. 9999. 9999.
14 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1690. 1860.
1870.
9999.
1900. 1950. 2050. 2020. 2130. 9999. 9999. 9999.
15 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1720. 1860.
1950.
9999.
2040. 2030. 2090. 2090. 9999. 9999. 9999. 9999.
16 9999. 9999. 9999. 9999. 9999. 9999. 1750. 1880. 1890.
1970.
9999.
2040. 2070. 2110. 9999. 9999. 9999. 9999. 9999.
17 9999. 9999. 9999. 9999. 9999. 9999. 1760. 1850. 1930.
2015.
9999.
2035. 2090. 9999. 9999. 9999. 9999. 9999. 9999.
18 9999. 9999. 9999. 9999. 9999. 1790. 1780. 1850. 1930.
2015.
9999.
2070. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
19 9999. 9999. 9999. 9999. 1790. 1820. 1850. 1890. 1950.
2050.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
20 9999. 9999. 9999. 1760. 1790. 1720. 1750. 1820. 1880.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
21 9999. 1790. 1790. 1715. 1670. 1710. 1800. 1900. 1950.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
22 1800. 1810. 1680. 1730. 1730. 1790. 1880. 1950. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
23 1810. 1860. 1870. 1920. 1790. 1860. 1910. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
24 9999. 1800. 1880. 1950. 1990. 2030. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
25 9999. 9999. 2000. 2030. 2060. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
26 9999. 9999. 9999. 2060. 9999. 9999. 9999. 9999. 9999.
9999.
9999.































SOLUTION BY THE STRONGLY IMPLICIT PROCEDURE
MAXIMUM ITERATIONS ALLOWED FOR CLOSURE = 100
ACCELERATION PARAMETER = 1.0000
HEAD CHANGE CRITERION FOR CLOSURE = 0.10000E-01
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SIP HEAD CHANGE PRINTOUT INTERVAL = 1
CALCULATE ITERATION PARAMETERS FROM MODEL CALCULATED VSEEO 
STRESS PERIOD NO. 1. LENGTH = 1.000000
NUMBER OF TIME STEPS = 1
MULTIPLIER FOR CELT = 1.000
INITIAL TIME STEP SIZE = 1.000000






















1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1.OOOOE-04 0.0000 1.OOOOE-04 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000E-04
1.0000E-O4 0.0000 1.0000E-04 1.OOOOE-04 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.OOOOE-04 1.0000E-04
1.OOOOE-04 0.0000 1.OOOOE-04 1.OOOOE-04 1.OOOOE-04 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000E-04 1.0000E-04 1.0000E-04
1.0000E-04 0.0000 1.0000E-04 1.OOOOE-04 1.OOOOE-04 1.OOOOE-04 0.0000 0.0000 0.0000 0.0000 0.0000
5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000E-04 1.0000E-04 1.0000E-04
1.0000E-04 0.0000 1.OOOOE-04 1.OOOOE-04 1.OOOOE-04 1.OOOOE-04 0.0000 0.0000 0.0000 0.0000 0.0000
6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000E-04 1.0000E-04 1.OOOOE-04
1.OOOOE-04 0.0000 1.OOOOE-04 1.OOOOE-04 1.OOOOE-04 1.000Œ-04 1.0000E-04 0.0000 0.0000 0.0000 0.0000
7 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.OOOOE-04 1.OOOOE-04 1.OOOOE-04
1.OOOOE-04 
1.0000E-04
1.0000E-04 1.OOOOE-04 1.OOOOE-04 1.0000E-04 1.OOOOE-04 1.000Œ-04 1.0000E-04 1.0000E-04 1.0000E-04
8 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.OOOOE-04 1.0000E-04 1.0000E-04
1.OOOOE-04 
1.0000E-04
1.OOOOE-04 1.OOOOE-04 1.OOOOE-04 1.0000E-04 1.0000E-04 4.0000E-04 4.0000E-04 1.OOOOE-04 1.0000E-04
9 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000E-04 1.OOOOE-04 S.OOOOE-OS
5.0000E-05 
1.OOOOE-04
5.0000E-05 5.0000E-05 5.0000E-05 5.0000E-05 1.OOOOE-04 1.0000E-04 1.0000E-04 1.0000E-04 1.0000E-04
10 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.OOOOE-04 1.0000E-04 S.OOOOE-OS
5.0000E-050.0000 5.0000E-05 5.0000E-05 3.OOOOE-03 5.0000E-05 1.OOOOE-04 1.0000E-04 1.OOOOE-04 1.OOOOE-04 1.0000E-04
11 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000E-04 1.0000E-04 5.0000E-05
5.0000E-050.0000 5.0000E-05 5.0000E-05 5.0000E-05 S.OOOOE-OS 1.0000E-04 1.OOOOE-04 1.OOOOE-04 1.0000E-04 0.0000
12 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000E-04 1.0000E-04 5.0000E-05
5.0000E-05 5.0000E-05 5.0000E-05 S.OOOOE-OS S.OOOOE-OS 1.0000E-04 1.OOOOE-04 1.OOOOE-04 0.0000 0.0000
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0.0000
13 0.0000 0.0000 0.0000 0.0000 0.0000
5.0000E-05
0.0000
S.OOOOE-OS S.OOOOE-OS 5.0000E-05 S.OOOOE-OS
14 0.0000 0.0000 0.0000 0.0000 0.0000
5.0000E-05
0.0000
S.OOOOE-OS S.OOOOE-OS S.OOOOE-OS S.OOOOE-OS
IS 0.0000 0.0000 0.0000 0.0000 0.0000
5.0000E-05
0.0000
S.OOOOE-OS S.OOOOE-OS 5.0000E-05 S.OOOOE-OS
16 0.0000 0.0000 0.0000 0.0000 0.0000
1.OOOOE-04 
0.0000
1.OOOOE-04 1.OOOOE-04 1.OOOOE-04 0.0000
17 0.0000 0.0000 0.0000 0.0000 0.0000
1.OOOOE-04 
0.0000
1.0000E-04 1.OOOOE-04 0.0000 0.0000
18 0.0000 0.0000 0.0000 0.0000 0.0000
1.OOOOE-04 
0.0000
1.OOOOE-04 0.0000 0.0000 0.0000
19 0.0000 0.0000 0.0000 0.0000 5.0000E-05
5.0000E-05
0.0000
0.0000 0.0000 0.0000 0.0000
20 0.0000 0.0000 0.0000 S.OOOOE-OS S.OOOOE-OS
0.0000
0.0000
0.0000 0.0000 0.0000 0.0000
21 0.0000 S.OOOOE-OS S.OOOOE-OS S.OOOOE-OS S.OOOOE-OS
0.0000
0.0000
0.0000 0.0000 0.0000 0.0000
22 S.OOOOE-OS S.OOOOE-OS S.OOOOE-OS S.OOOOE-OS S.OOOOE-OS
0.0000
0.0000
0.0000 0.0000 0.0000 0.0000
23 S.OOOOE-OS S.OOOOE-OS S.OOOOE-OS S.OOOOE-OS S.OOOOE-OS
0.0000
0.0000
0.0000 0.0000 0.0000 0.0000
24 0.0000 S.OOOOE-OS S.OOOOE-OS S.OOOOE-OS S.OOOOE-OS
0.0000
0.0000
0.0000 0.0000 0.0000 0.0000
25 0.0000 0.0000 S.OOOOE-OS 5.0000E-05 S.OOOOE-OS
0.0000
0.0000
0.0000 0.0000 0.0000 0.0000
26 0.0000 0.0000 0.0000 S.OOOOE-OS 0.0000
0.0000
0.0000
0.0000 0.0000 0.0000 0.0000
27 RIVER REACHES
ER ROW COL STAGE CONDUCTANCE
2 4 9 1650. 0.2344E+05
2 3 9 1630. 0.1042E+05
2 3 10 1620. 0.3646E+0S
2 2 10 1615. 0.2604E+05
1 22 1 2210. 0.2344E+05
1 21 2 2170. 0.2865E+05
1 21 3 2160. 0.2865E+05
0.0000 0.0000 1.OOOOE-04 1.OOOOE-04 S.OOOOE-OS
1.OOOOE-04 1.OOOOE-04 0.0000 0.0000 0.0000
0.0000 0.0000 1.0000E-O4 1.OOOOE-04 S.OOOOE-OS
1.0000E-04 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 1.0000E-04 1.OOOOE-04 S.OOOOE-OS
0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 1.OOOOE-04 1.0000E-04 1.0000E-04 1.0000E-04
0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 1.OOOOE-04 1.0000E-04 1.OOOOE-04 1.0000E-04
0.0000 0.0000 0.0000 0.0000 0.0000
1.OOOOE-04 1.OOOOE-04 1.0000E-O4 1.0000E-04 1.OOOOE-04
0.0000 0.0000 0.0000 0.0000 0.0000
5.0000E-05 S.OOOOE-OS S.OOOOE-OS S.OOOOE-OS S.OOOOE-OS
0.0000 0.0000 0.0000 0.0000 0.0000
S.OOOOE-OS S.OOOOE-OS S.OOOOE-OS 5.0000E-05 S.OOOOE-OS
0.0000 0.0000 0.0000 0.0000 0.0000
S.OOOOE-OS S.OOOOE-OS S.OOOOE-OS 5.0000E-05 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
S.OOOOE-OS S.OOOOE-OS S.OOOOE-OS 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
S.OOOOE-OS S.OOOOE-OS 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
S.OOOOE-OS 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000









20 4 2110. 0.3255E+05 2108. 8
20 5 2100. 0.2083E+05 2098. 9
19 5 2080. 0.2083E+05 2078. 10
19 6 2060. 0.1823E+05 2058. 11
18 6 2020. 0.1172E+05 2018. 12
18 7 2010. 0.3203E+05 2008. 13
17 7 1980. 0.3047E+05 1978. 14
16 7 1940. 0.2344E+05 1938. 15
15 8 1890. 0.2370E+05 1888. 16
14 8 1870. 0.3125E+05 1868. 17
13 8 1840. 0.3385E+05 1836. 18
12 8 1810. 0.3151E+05 1806. 19
11 8 1780. 0.2214E+05 1776. 20
10 8 1760. 0.2734E+05 1756. 21
9 8 1740. 0.2786E«-05 1736. 22
8 8 1720. 0.2318E+05 1716. 23
7 8 1700. 0.3724E+05 1696. 24
6 8 1680. 0.2474E+05 1676. 25
5 8 1670. 0.3464E+05 1666. 26
4 8 1660. 0.1406E+05 1656. 27
AVERAGE SEED ■ 0.00217809 
MINIMUM SEED = 0.00000010
5 ITERATION PARAMETERS CALCULATED FROM AVERAGE SEED:
0.0000000E+00 0.7839676E+00 0.9533300E+00 0.9899178E+00 0.9978219E+00
27 ITERATIONS FOR TIME STEP 1 IN STRESS PERIOD 1 
MAXIMUM HEAD CHANGE FOR EACH ITERATION:
HEAD CHANGE LAYER,ROU,COL HEAD CHANGE LAYER,ROU,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE L,R,C
77.44 < 2, 10, 14) 25.39 ( 1, 17. 8) 16.20 ( 2. 12. 9) -15.93 ( 1, 12. 9) 15.58 ( 2, 12, 9)
-9.071 ( 1, 12, 9) 1.548 ( 1. 12. 9) 2.770 ( 1. 12, 9) -2.385 ( 2. 12, 9) 2.386 < 1, 12, 9)
-2.095 ( 2. 12. 9) 0.8443 ( 1, 13. 9) -0.7227 C 2, 13, 9) -0.4467 ( 1. 9, 10) -0.4451 ( 2, 14, 9)
0.3972 ( 1, 13, 9) -0.9643E-0K 1, 14. 9> -0.1607 < 1. 13, 9) 0.1387 ( 2. 13, 9) -0.1158 ( 1, 13, 9)
0.1063 ( 2, 13, 9) -0.4866E-OK 1, 13, 9) 0.3947E-OK 2, 13, 9) -0.2423E-0K 1, 14. 9) 0.2529E-0K 2, 14, 9)
-0.2113E-01C 1, 13, 9) 0.5138E 02( 1, 14, 9)
HEAD/DRAWDOWN PRINTOUT FLAG - 1 TOTAL BUDGET PRINTOUT FLAG - 1 CELL-BY-CELL FLOW TERM FLAG - 1 
OUTPUT FLAGS FOR ALL LAYERS ARE THE SAME:
HEAD DRAWDOWN HEAD DRAWDOWN 
PRINTOUT PRINTOUT SAVE SAVE
1 1 1 1  
« CONSTANT HEAD" BUDGET VALUES WILL BE SAVED ON UNIT 25 AT END OF TIME STEP 1, STRESS PERIOD 1
"FLOW RIGHT FACE " BUDGET VALUES WILL BE SAVED ON UNIT 25 AT END OF TIME STEP 1, STRESS PERIOD 1
"FLOW FRONT FACE " BUDGET VALUES WILL BE SAVED ON UNIT 25 AT END OF TIME STEP 1, STRESS PERIOD 1
"FLOW LOWER FACE " BUDGET VALUES WILL BE SAVED ON UNIT 25 AT END OF TIME STEP 1, STRESS PERIOD 1
" RECHARGE" BUDGET VALUES WILL BE SAVED ON UNIT 33 AT END OF TIME STEP 1, STRESS PERIOD 1
" RIVER LEAKAGE" BUDGET VALUES WILL BE SAVED ON UNIT 32 AT END OF TIME STEP 1, STRESS PERIOD 1
HEAD IN LAYER 1 AT END OF TIME STEP 1 IN STRESS PERIOD 1
1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17 18 19 20
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21
1 9999. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999.
2 9999. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999.
3 9999. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999.
4 9999. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999.
5 9999. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999.
6 9999. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999.
7 9999. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999.
6 9999. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999.
9 9999. 9999. 9999. 9999. 9999.
2034.
9999.
2045. 2054. 2067. 9999.
10 9999. 9999. 9999. 9999. 9999.
2029.
9999.
2044. 2057. 2070. 2080.
11 9999. 9999. 9999. 9999. 9999.
2035.
9999.
2054. 2074. 2093. 2120.
12 9999. 9999. 9999. 9999. 9999.
2044.
9999.
2067. 2089. 2111. 2140.
13 9999. 9999. 9999. 9999. 9999.
2076.
9999.
2126. 2141. 2160. 9999.
14 9999. 9999. 9999. 9999. 9999.
2124.
9999.
2156. 2180. 9999. 9999.
15 9999. 9999. 9999. 9999. 9999.
2153.
9999.
2182. 2200. 9999. 9999.
16 9999. 9999. 9999. 9999. 9999.
2203.
9999.
2215. 9999. 9999. 9999.
17 9999. 9999. 9999. 9999. 9999.
2232.
9999.
2225. 9999. 9999. 9999
18 9999. 9999. 9999. 9999. 9999
2238. 2240. 9999. 9999. 9999
9999. 9999. 9999. 9999. 9999.
9999. 9999. 9999. 9999. 9999.
9999. 9999. 9999. 9999. 9999.
9999. 9999. 9999. 9999. 9999.
9999. 9999. 9999. 9999. 9999.
9999. 9999. 9999. 9999. 9999.
9999. 9999. 1662. 9999. 9999.
9999. 9999. 9999. 9999. 9999.
9999. 9999. 1672. 1876. 9999.
9999. 9999. 9999. 9999. 9999.
9999. 9999. 1685. 1879. 9999.
9999. 9999. 9999. 9999. 9999.
9999. 9999. 1703. 1891. 9999.
9999. 9999. 9999. 9999. 9999.
9999. 9999. 1725. 1895. 9999.
9999. 9999. 9999. 9999. 9999.
9999. 9999. 1744. 1932. 2019.
9999. 9999. 9999. 9999. 9999.
9999. 9999. 1764. 1901. 2017.
9999. 9999. 9999. 9999. 9999.
9999. 9999. 1787. 1941. 2021.
9999. 9999. 9999. 9999. 9999.
9999. 9999. 1814. 1977. 2031.
9999. 9999. 9999. 9999. 9999.
9999. 9999. 1843. 1989. 2045.
9999. 9999. 9999. 9999. 9999.
9999. 9999. 1871. 2023. 2085.
9999. 9999. 9999. 9999. 9999.
9999. 9999. 1893. 2050. 2116.
9999. 9999. 9999. 9999. 9999.
9999. 1953. 2039. 2132. 2172.
9999. 9999. 9999. 9999. 9999.
9999. 1983. 2083. 2163. 2209.
9999. 9999. 9999. 9999. 9999.
2023. 2011. 2110. 2181. 2219.
9999. 9999. 9999. 9999. 9999.
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9999.
19 9999. 9999. 9999. 9999. 2085. 2062. 2094. 2150. 2189. 2215.
2240.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
20 9999. 9999. 9999. 2110. 2102. 2125. 2161. 2189. 2220. 2260.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
21 9999. 2170. 2164. 2162. 2162. 2185. 2207. 2234. 2290. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
22 2209. 2211. 2207. 2209. 2218. 2231. 2253. 2300. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
23 2280. 2263. 2251. 2250. 2256. 2272. 2320. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
24 9999. 2330. 2292. 2281. 2290. 2330. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
25 9999. 9999. 2360. 2317. 2360. 9999. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.





































1 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
1607.
9999.
1607. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
2 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1617.
1615.
9999.
1612. 1607. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
3 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1635. 1623.
1621.
9999.
1616. 1607. 1607. 9999. 9999. 9999. 9999. 9999. 9999.
4 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1662. 1651. 1654.
1654.
9999.
1649. 1638. 1624. 1607. 9999. 9999. 9999. 9999. 9999.
5 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1672. 1674. 1686.
1674.
9999.
1666. 1653. 1633. 1607. 9999. 9999. 9999. 9999. 9999.
6 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1685. 1699. 1721.
1705.
9999.
1672. 1658. 1637. 1607. 1607. 9999. 9999. 9999. 9999.
7 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1703. 1724. 1743.
1744.
1607.
1730. 1715. 1692. 1653. 1607. 1607. 1607. 1607. 1607.
8 9999. 9999. 9999. 9999. 9999. 9999. 9999. 1725. 1738. 1763.











































































9999. 9999. 9999. 9999.
1845. 1831. 1815. 1799.
9999. 9999. 9999. 9999.
1911. 1897. 1891. 1872.
9999. 9999. 9999. 9999.
1959. 1952. 1949. 1928.
9999. 9999. 9999. 9999.
2000. 1998. 1995. 1971.
9999. 9999. 9999. 9999.
2043. 2041. 2029. 2000.
9999. 9999. 9999. 9999.
2082. 2078. 2050. 9999.
9999. 9999. 9999. 9999.
2118. 2125. 9999. 9999.
9999. 9999. 9999. 1956.
2140. 9999. 9999. 9999.
9999. 9999. 9999. 1983.
9999. 9999. 9999. 9999.
9999. 9999. 2022. 2011.
9999. 9999. 9999. 9999.
9999. 2086. 2062. 2068.
9999. 9999. 9999. 9999.
2110. 2102. 2113. 2130.
9999. 9999. 9999. 9999.
2148. 2144. 2160. 2173.
9999. 9999. 9999. 9999.
2191. 2192. 2199. 2204.
9999. 9999. 9999. 9999.
2221. 2223. 2224. 2220.
9999. 9999. 9999. 9999.
2241. 2242. 2230. 9999.
9999. 9999. 9999. 9999.
2253. 2250. 9999. 9999.
9999. 9999. 9999. 9999.
2260. 9999. 9999. 9999,






















9999 . 9999. 9999.















HEAD WILL BE SAVED ON UNIT 
DRAWDOWN
30 AT END 
IN LAYER
OF TIME STEP 1, 


























1 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
2 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
3 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
4 9999. 9999. 9999. 9999. 9999. 9999. 9999. 8.194 9999. 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
5 9999. 9999. 9999. 9999. 9999. 9999. 9999. 8.002 4.459 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
6 9999. 9999. 9999. 9999. 9999. 9999. 9999. 5.319 0.5742 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
7 9999. 9999. 9999. 9999. 9999. 9999. 9999. 7.001 -6.267 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
8 9999. 9999. 9999. 9999. 9999. 9999. 9999. 4.693 -5.341 9999.
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
9 9999. 9999. 9999. 9999. 9999. 9999. 9999. 6.055 -12.48 -29.39
-18.63
9999.
4.506 0.5337 -6.912 9999. 9999. 9999. 9999. 9999. 9999.
10 9999. 9999. 9999. 9999. 9999. 9999. 9999. 6.168 9.475 18.37
15.75
9999.
11.15 2.940 9.545 0.0000 9999. 9999. 9999. 9999. 9999.
11 9999. 9999. 9999. 9999. 9999. 9999. 9999. 3.429 -0.7924 14.22
10.40
9999.
16.48 26.30 27.01 0.0000 9999. 9999. 9999. 9999. 9999.
12 9999. 9999. 9999. 9999. 9999. 9999. 9999. 6.050 -11.55 9.233
0.8741
9999.
12.96 36.16 18.52 0.0000 9999. 9999. 9999. 9999. 9999.
13 9999. 9999. 9999. 9999. 9999. 9999. 9999. 7.100 0.9938 -5.046
23.77
9999.
-0.6475 9.213 0.0000 9999. 9999. 9999. 9999. 9999. 9999.
14 9999. 9999. 9999. 9999. 9999. 9999. 9999. 8.623 -3.071 14.52
26.02
9999.
14.39 0.0000 9999. 9999. 9999. 9999. 9999. 9999. 9999.
15 9999. 9999. 9999. 9999. 9999. 9999. 9999. 22.38 -10.47 3.982
36.62
9999.
8.304 0.0000 9999. 9999. 9999. 9999. 9999. 9999. 9999.
16 9999. 9999. 9999. 9999. 9999. 9999. -2.681 -3.830 18.27 27.77











































































































































































































































1 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
0.0000
9999.
0.0000 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
2 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 2.851
14.81
9999.
7.800 0.0000 9999. 9999. 9999. 9999. 9999. 9999. 9999.
3 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9.826 17.03
28.74
9999.
33.53 0.0000 0.0000 9999. 9999. 9999. 9999. 9999. 9999.
4 9999. 9999. 9999. 9999. 9999. 9999. 9999. -1.806 -0.9827 5.685
5.581
9999.
16.49 22.42 -3.748 0.0000 9999. 9999. 9999. 9999. 9999.
5 9999. 9999. 9999. 9999. 9999. 9999. 9999. -12.01 -3.656 14.10
16.37
9999.
13.95 17.49 -2.698 0.0000 9999. 9999. 9999. 9999. 9999.
6 9999. 9999. 9999. 9999. 9999. 9999. 9999. 15.29 20.70 39.32
24.95 7.943 1.649 2.922 0.0000 0.0000 9999. 9999. 9999. 9999.
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9999.
7 9999. 9999. 9999. 9999. 9999.
1.391
0.0000
-0.2397 5.125 -2.341 -33.14
8 9999. 9999. 9999. 9999. 9999.
27.92
0.0000
34.28 76.55 -3.117 19.62
9 9999. 9999. 9999. 9999. 9999.
-36.56
0.0000
24.26 -13.74 -14.92 -10.90
10 9999. 9999. 9999. 9999. 9999.
-30.53
9999.
-0.6736 -61.95 -80.77 -12.41
11 9999. 9999. 9999. 9999. 9999.
0.5922
9999.
-12.02 -15.31 -18.74 -12.00
12 9999. 9999. 9999. 9999. 9999.
-62.36
9999.
-13.71 -13.67 -15.02 2.199
13 9999. 9999. 9999. 9999. 9999.
-68.37
9999.
-35.69 -44.69 -42.88 -21.02
H 9999. 9999. 9999. 9999. 9999.
-4.249
9999.
-4.082 -3.203 -22.01 -28.43
15 9999. 9999. 9999. 9999. 9999.
-32.74
9999.
-40.45 -8.638 2.168 0.0000
16 9999. 9999. 9999. 9999. 9999.
-37.51
9999.
-22.03 -8.008 0.0000 9999.
17 9999. 9999. 9999. 9999. 9999.
-51.68
9999.
-38.83 0.0000 9999. 9999.
18 9999. 9999. 9999. 9999. 9999.
-2.333
9999.
0.0000 9999. 9999. 9999.
19 9999. 9999. 9999. 9999. -5.741
0.0000
9999.
9999. 9999. 9999. 9999.
20 9999. 9999. 9999. -30.15 -21.93
9999.
9999.
9999. 9999. 9999. 9999.
21 9999. 10.03 -53.85 11.62 10.86
9999.
9999.
9999. 9999. 9999. 9999.
22 0.9126 7.561 7.697 9.310 -2.270
9999.
9999.
9999. 9999. 9999. 9999.
23 0.0000 -2.305 0.9380 -0.6736 6.611
9999.
9999.
9999. 9999. 9999. 9999.
24 9999. 0.0000 1.425 -0.6174 -1.684
9999.
9999.
9999. 9999. 9999. 9999.
9999. 9999. 16.98 15.54 27.08
0.0000 0.0000 0.0000 0.0000 0.0000
9999. 9999. 4.673 1.600 17.43
-8.010 -20.73 1.972 0.0000 0.0000
9999. 9999. 6.045 10.88 -21.37
-15.21 30.70 11.78 22.47 12.87
9999. 9999. 36.16 -11.07 -47.52
8.744 18.32 3.325 3.609 0.0000
9999. 9999. 38.42 13.90 10.35
45.63 21.88 25.96 0.0000 9999.
9999. 9999. 16.05 2.174 8.565
15.29 18.95 0.0000 9999. 9999.
9999. 9999. 17.09 6.140 -69.67
0.7269 0.0000 9999. 9999. 9999.
9999. 9999. -1.378 -20.35 0.7151
0.0000 9999. 9999. 9999. 9999.
9999. 9999. -12.64 -2.732 0.4573
9999. 9999. 9999. 9999. 9999.
9999. -35.69 -18.90 2.763 1.717
9999. 9999. 9999. 9999. 9999.
9999. -43.42 -44.33 -42.49 -52.76
9999. 9999. 9999. 9999. 9999.
7.642 8.543 4.370 -6.599 1.875
9999. 9999. 9999. 9999. 9999.
2.562 1.518 2.452 40.49 1.926
9999. 9999. 9999. 9999. 9999.
-2.668 -0.2324 -31.93 1.104 0.0000
9999. 9999. 9999. 9999. 9999.
-0.2075 -3.370 1.536 0.0000 9999.
9999. 9999. 9999. 9999. 9999.
1.169 6.136 0.0000 9999. 9999.
9999. 9999. 9999. 9999. 9999.
6.315 0.0000 9999. 9999. 9999.
9999. 9999. 9999. 9999. 9999.
0.0000 9999. 9999. 9999. 9999.
9999. 9999. 9999. 9999. 9999.
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25 9999. 9999. 0.0000 -2.678 0.0000 9999. 9999. 9999. 9999. 9999
9999.
9999.
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999.
26 9999. 9999. 9999. 0.0000 9999. 9999. 9999. 9999. 9999. 9999
9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999. 9999,
9999.
DRAWDOWN WILL BE SAVED ON UNIT 31 AT END OF TIME STEP 1, STRESS PERIOD 1
VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 1 IN STRESS PERIOD 1 



























CONSTANT HEAD = 
RECHARGE * 
RIVER LEAKAGE = 








CONSTANT HEAD = 
RECHARGE - 
RIVER LEAKAGE = 
TOTAL OUT e 







TIME SUMMARY AT END OF TIME STEP 1 IN STRESS PERIOD 1
SECONDS MINUTES HOURS DAYS • YEARS
TIME STEP LENGTH 86400.0 1440.00 24.0000 1.00000 0.273785E-02
STRESS PERIOD TIME 86400.0 1440.00 24.0000 1.00000 0.273785E-02
















HYDRAULIC CONDUCTIVITY FOR LAYER 1
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HYDRAULIC CONDUCTIVITY FOR LAYER 1




























HYDRAULIC CONDUCTIVITY FOR LAYER 1
Uniformly decreased by one order of magnitude
LA Y E R  1
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HYDRAULIC CONDUCTIVITY FOR LAYER 1
Uniformly decreased by one order of magnitude


























TRANSMISSIVITY FOR LAYER 2
Uniformly increased by one order of magnitude


























TRANSMISSIVITY FOR LAYER 2


























TRANSMISSIVITY FOR LAYER 2
Uniformly decreased by one order of magnitude

























TRANSMISSIVITY FOR LAYER 2
Uniformly decreased by one order of magnitude





























V E R T IC A L  L E A K A N C E  
U n ifo rm ly  in c r e a s e d  by one  o rd er  of m ag n itu d e


























V E R T IC A L  L E A K A N C E  
i U n ifo rm ly  in c re a s e d  by one  o rd er of m agnitude


























V E R T IC A L  L E A K A N C E  
U n ifo rm ly  d e c r e a s e d  by one  o rd e r  of m ag n itu d e

























V E R T IC A L  L E A K A N C E  
U n ifo rm ly  d e c r e a s e d  by one  o rd e r  of m a g n itu d e  

























R IV E R - B E D  C O N D U C T A N C E  
U n ifo rm ly  in c r e a s e d  by one  o rd e r  of m ag n itu d e  


























Uniformly increased by one order of magnitude


























R IV E R -B E D  C O N D U C T A N C E  
U n ifo rm ly  d e c r e a s e d  by one  o rd er  of m a g n itu d e

























R IV E R - B E D  C O N D U C T A N C E  
U n ifo rm ly  d e c r e a s e d  by one  o rd e r  of m a g n itu d e  



























R E C H A R G E
In c re a s e d  fro m  2 .8 %  to 15% a n d  from  1.4% to 5 % of p re c ip ita t io n























R E C H A R G E
In c re a s e d  from  2 .8 %  to 15%  a nd  from  1.4%  to 5 % of p re c ip ita t io n


























R E C H A R G E
D e c r e a s e d  from  2 .8 %  to 0 .2 8 %  a nd  fro m  1.4% to 0 .14%  of p re c ip ita t io n
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R E C H A R G E
D e c r e a s e d  fro m  2 .8 %  to 0 .2 8 %  a nd  fro m  1 .4%  to 0 .14%  of p re c ip i ta t io n
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